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What Next in Automotive Fuels? 


By DR. D. P. BARNARD 


Associate Director of Research, Standard Oil Co. (Indiana) 


ARTIME achievements of modern 

industry and glowing promises 
of things to come in the postwar “dream 
world” have created understandable in- 
terest in the new developments in the 
field of petroleum technology. 

During the war, speculation was rife 
as to the possibility of “100 octane” 
becoming available at the corner ser- 
vice station—once it was no_ longer 
needed by the Army and Navy, Now, 
one and a half years after V-J Day, 
much progress has been made by the 
petroleum industry toward improving its 
products and processes. 

The purpose of this paper is to ap- 
praise the effects of those process de- 
velopments which were a part of the 
war effort, plus those which have been 
made in the postwar period. A practical 
picture can be gained by considering 
the impact upon several representative 
petroleum products; namely, motor and 
iviation gasolines, domestic heating oils, 
and fuels for high output, automotive 
type diesel engines. 

It is well known that the petroleum 
industry manufactures an extremely wide 

ariety of products, literally ranging 
‘rom lubricating oils for slide trombones 
to fuel for locomotives—to say nothing 
of the galaxy which includes pharm- 
.ceuticals, preservatives, candles and de- 
lergents. By and large, however, vola- 
tile liquid fuels censtitute the biggest 
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single output 
heavier distillates upward of 20%). The 
progress made by the industry, 
can best be gauged by a critical 
study of what is being done in the field 
of gasolines, plus the closely allied dis- 


fore, 


lngjtieiain: 


opments to date: 


"MOTOR GASOLINES with — 
ASTM octane ratings as high as 
87 (premium grade) may be 


fairly widely available within 


two years or so, because of in- 
creasing supplies of catalytically 


cracked naphtha. . 
AVIATION GASOLINES of 


‘higher quality than 115/145 can 


be made bot will probably not 
be required in the near future. 

HEATING and DIESEL OILS 
will come 
cracked stocks and will have 
slightly lower hydrogen-carbon 
ratios; they will be satisfactory 
fuels but will require increased 
attention from the equipment 


_ standpoint. 


( gasoline 





quality. changes’ fy 
which may be expected ina few 
years in the principal petroleum 
fuels cre presented in the light 
of wartime and postwar deyel- 


increasingly from 


nearly 50%, 


there- 


tillate fuel products—heating and diesel 
oils, 

The following discussion presents the 
best information available in the form 
cf answers to these questions: 


1—What improvements have been 
predicted and what thus far have been 
accomplished? 


2—What are the prospects for early 
further improvements? 

3—What are the trends for the fore- 
seeable future? 


QUESTION I— 
What's Been Predicted and 
What's Been Accomplished? 


On Dec. 2, 1943, Bruce K. Brown, 
then Assistant Deputy Administrator of 
PAW, and the writer presented a paper 
entitled “How Will the 100-Octane 
Aviation Gasoline Program Affect Motor 
Gasoline”, before the Metropolitan Sec- 
tion of the Society of Automotive Engi- 
neers. In that paper every effort was 
made to appraise the probable effects 
of the wartime aviation gasoline program 
upon the octane number levels of post- 
war motor fuels. 

It was pointed out that, under peace- 
time conditions, the amount of 100- 
octane gasoline which could be made 
within the acceptable limits of econ- 
omics of crude utilization, and using 
the equipment of the War Emergency 
Program, wculd probably not be over 
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one fifth of the amount scheduled for 
the wartime program. The net result 
would be that immediately after the 
war, a substantial portion of ou avi- 
ation gasoline manufacturing facilities 
would be discharged from war duty 
and those which could be economically 
operated would be turned to the manu- 
facture of motor gasolines, under condi- 
tions chosen for economic, rather than 
maximum octane number, 


These and other factors, the paper 
stated, indicated that, immediately after 
the war, the average ASTM octane level 
of motor gasoline might increase as 
much as 3 units over immediate prewar 
values, and that the majority of manu- 
facturers would be able to offer house 
brand products around 80 ASTM octane 
number and premium products of say 85 
ASTM octane number. It was also stated 
that it seemed probable that values 
higher than these would result in ex- 
travagent crude usage, which would not 
be tolerable in the postwar period, 

The paper concluded by stating that 
these opinions should not be interpreted as 
indicating that 100-octane motor gaso- 
lines would never be feasible as an auto- 
mobile fuel. Rather, it was felt that in 
the period immediately following the 
war, improvements such as those out- 
lined would be definitely practical, with 
succeeding improvements possible, but 
requiring equipment design, develop- 
ment and construction. 


Avgas Consumption Down 


The domestic production of 100- 
octane aviation gasoline dropped to but 
a small fraction of its peak of 525,000 
b/d, As was expected, the airlines are 
going to the extensive use of grade 100/ 
130. For the year 1946, the domestic 
airlines used approximately 15,500 b/d 
of grade 91/98 and 100/130 combined. 
Other civil operations, mostly non-sched- 
uled transport and flight training, ac- 
count for approximately 6000 b/d which 
adds up to a total of 21,500 bbls. This 
can be compared with the 30,000 b/d 
predicted in 1943. 

As to quality advances since the war, 
it is now well known that a grade higher 
than 100/130, namely 115/145, has 
been under development for several 
years. The Standard Oil Co. of Indiana 
prepared the first large batch of 33-R 
reference fuel, which was very carefully 
made to the low edge of the specifica- 
tions. Apparently, several airlines are 
expecting soon to receive transport equip- 
ment which will require 115/145 grade 
fuel. However, the quantity to be so 
used will probably remain small for 
some time to come, 

A peculiar development in aviation 
fuels used in smaller private-type air- 
craft is that an unleaded fuel of 80 oct- 
ane number has virtually superseded 
leaded gasolines for the grades of less 
than 91 octane number. 

Of those facilities employed in the 
manufacture of 100-cctane gasoline dur- 
ing the war, only catalytic cracking and 
some alkylation have been used in the 
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manufacture of postwar motor gasoline. 
Most of the cther facilities have been 
found either too expensive or too waste- 
ful of crude to be used under normal 
ccnditions. 


Motor Fuel Octane Up 


The Bureau of Mines survey of gaso- 
line marketed throughout the country 
during the early part of the winter of 
1945-46 showed average ASTM octane 
numbers of 81 and 76 for premium and 
regular grades, respectively. In some 
sections, however, individual brands 
achieved octane numbers of 85 and 80 
and, jn a few instances, even slightly 
higher. That these values have not 
been maintained is the direct result 
of the lead shortage, which necessitated 
the allocation of ethyl fluid, and the 
establishing by the Civilian Produc- 
tion Administration of a maximum 
knock rating of 78.5 ASTM octane num- 
ber for leaded gasolines. 

It is interesting to note that no loud 
huzzas were heard when levels of 85- 
octane number were achieved, nor were 
the complaints particularly violent when 
they were reduced to 78. In other words, 
it would appear that most vehicles 
currently in service are adequately cared 
for by fuels having ASTM octane num- 
bers of 78, and that variations above 
this level are of little intrinsic importance. 


Distillate Fuels Unchanged 


In the field of disillate fuels, both 
for heating and diesel engine use, no 
particularly significant changes have yet 
occurred. Demands for these products 
have increased markedly, but have not yet 
quite caught up—at least on a national 
basis—to the amounts which can be 
made available. For the five years end- 
ing with 1940, gascline sales rose an 


average of 7% a year, while distillate 
fuel sales rose 17% per year, 

This increase in distillate fuel demand, 
together with the necessity for crack- 
ing more and more virgin distillate stocks 
to meet the increase in gasoline needs, 
has resulted in a significant decrease 
in the percentage of virgin stocks avail- 
able for heating oils. As a result, the 
burning qualities of heating oils have 
been lowered somewhat, although not 
so seriously as to interfere with use in 
appropriate equipment. No, particular 
change has transpired in the case of 
Diesel fuels, and virgin stocks have been 
available, as before, in the quantities 
required. 


QUESTION 2— 


What Are the Prospects for 
Early Improvements? 


In the year and one half since the 
war, 13 additional catalytic cracking 
units have been built or are planned 
which will increase catalytically cracked 
gasoline capacity to the extent of 100,- 
000 b/d. The effect of this increase 
upon the octane number picture will 
be modified somewhat by gasoline de- 
mand which has unexpectedly risen to 
more than 2,000,000 b/d. It now appears 
that the amount of catalytically cracked 
naphtha to be available to the industry 
in another year or two should amount 
to nearly 30% of the total gasoline. This, 
in turn, should enable the industry to 
furnish fuels averaging about 6 ASTM 
octane numbers above prewar levels 


This guess assumes, of course, that 
the same amount of lead will be used 
as formerly. 

In view of the increasing interest in 
the “Research” method for knock rating 
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motor fuels, it is interesting to note that 
it this prediction is borne out, the prem- 
ium grade fuels can be expected to have 
sensitivities of at least 6 to 8 octane 
numbers, In other words, their CFR 
Research octane numbers will be about 
that much higher than their ASTM 
values. On this basis, premium fuels 
having ASTM octane numbers as high 
as 87, and Research octane numbers 
above 90—perhaps as high as 95—may 
be fairly widely available within another 
few years. 


Fuels Ahead of Engines 


Research knock ratings above 90 oct- 
ane number, by and large, typify fuels 
significantly better than are required by 
the automobiles generally in use at this 
time. True, cars can be found which will 
knock on fuels of higher than 90 octane, 
but usually this will be found to be the 
result of maladjustment, with actual en- 
gine performance well below that which 
should be attainable with such octane 
numbers. In spite of the fact that most 
engines in service cannot deliver re- 
turns commensurate with fuel quality at 
these higher octane number levels, the 
trend to make such fuels available—in 
advance of possible new engine designs 
which may require them — is rather 
strongly developed. Last fall and winter, 
as has already been pointed out, pre- 
mium fuels having octane numbers on 
the high side of 90 (Research) were sold 
rather extensively on the East and West 
coasts, The writer will be very much sur- 
prised if premium octane numbers do not 
in general exceed 90 Research by the 
time the ‘automotive industry can deliver 
engines designed to use them efficiently. 

Research octane numbers of 90 or 
more, for fuels having sensitivities of 10 
units or less, will involve appreciable 
increases in manufacturing cost over cur- 
rent premium grade levels. Since the de- 
velopment of catalytic cracking, no 
economically sound new process capable 
of increasing the octane numbers of 
motcr gasoline has been devised. The 
various manufacturing methods (other 
than catalytic cracking and alkylation) 
used in the 100-octane program are too 
costly or extravagant for general use in 
the motor fuel picture. 


No Avgas Changes Seen 


As to aviation gasolines, it appears that 
the grades now in use, including grade 
115/145, will be with us for quite a 
while to come. The military services are 
using grade 100/130 for general opera- 
tion, plus grade 115/145 for special pur- 
poses. Of course, almost anything might 


change this picture over-night, but it 
would seem that for some time to come 
the equipment designers will have plenty 
to do before they have taken full advan- 
tage of the higher grade. Certainly, no 
marked changes can be anticipated at 
this time. 

As to civil transport operations, the 
trend seems unmistakably toward the 
general use of 100/130, with grade 91/98 
rather rapidly dropping out of the pic- 
ture, Some specialized long range opera- 
tions may be carried out with equipment 
requiring grade 115/145. It is rather 
doubtful, however, if the amount of this 
fuel to be so used jn the next few years 
will be very great. Miscellaneous non- 
scheduled operations of executive and 
transport-type aircraft probably will con- 
tinue to use grade 91/98 and 100/130. 

No imminent changes are indicated for 
the small, unsupercharged engines used 
in personal type aircraft. Nonleaded 80- 
cctane number fuel will probably be 
found most acceptable as long as private 
flying remains upon a hobby basis, to be 
indulged in by a very limited number of 
people. 

Currently, and for the immediate 
future, the oil industry will undoubtedly 
have excess capacity for manufacturing 
all of the grades of aviation gasoline in 
use. Immediately prior to the war, the 
domestic airlines had worked up to a 
daily fuel requirement of about 8000 to 
9000 b/d. In 1946, the domestic airlines 
used about 15,500 b/d, while non-sched- 
uled operations took 4100 b/d and mis- 
cellaneous private flying 2000 b/d. The 
best guess that can be made for 1947 
demands is given in Table 1. 


More Cracked Distillates in Store .. 


The distillate fuels, domestic heating 
oils, high speed Diesel fuels, kerosine, etc., 
must still be regarded as secondary prod- 
ucts of gasoline manufacture. Gasolines 
constitute nearly 50% of the industry’s 
marketed products while distillates 
amount to a little less than 20%. This 
is true, even through the demands for 
such fuels have risen markedly during the 
last few years, Currently, the volume of 
distillate fuel used is only about 1/3 
that of motor fuel, but its annual rate of 
growth is much faster than that of motor 
fuel. The outlook for continued expansion 
in distillate fuel sales can only mean that, 
as time goes on, distillate heating oils 
will contain increasing proportions of 
cracked stocks and therefore will show 
decreasing hydrogen-carbon ratios. It 
appears that they also must contain in- 
creasing amounts of sulfur because of the 
diminishing supply of the “sweet” crudes, 





Domestic Airlines (including 
trans-ocean operations) 
Non-Scheduled Operations 


Private and Training 








TABLE 1—Estimated 1947 Demand for Aviation Gasolines 


Bbls. /Day Grade 
ae ae 20,000 100/130 & 
115/145 
5,900 91/98 & 
100/130 
amend 6,500 80 
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and the necessary increase in the use of 
high sulphur “sour” crudes. There is no 
reason why such fuels cannot be stable 
and of satisfactory burning quality. How- 
ever, as time goes on, the fuel available 
will be less able to forgive derelictions in 
design and maintenance of the burning 
equipment. This trend, it would seem, 
must apply to virtually all grades of 
distillate fuels—certainly to those which 
are used in the large quantities required 
for space heating. 


Diesel Fuels Due for Changes 


Fuels for Diesel engines of the high 
output type seem due for some changes 
within the next year or two. The catalytic 
cracking unit requires virgin charge stocks 
for economical operation, and its demands 
for such stocks are increasing, with the 
result that competition with the Diesel 
engine for such stocks is becoming more 
and more intense. A possible solution is 
suggested in a recent SAE paper by 
Shoemaker and Gadebusch,* who show 
that the effects of lower octane number 
can be compensated, at least partially, 
by lowering the 90% point of the fuel. 
This paper, incidentally, points out that 
fuels having ratios of the 90% point (in 
degrees F.) to cetane number of not 
more than 13 to 1, show quite good burn- 
ing characteristics in most engines. Cer- 
tainly some solution to the high speed 
Diesel fuel problem must be found, if for 
no other reason than because of the rail- 
road picture. Diesel fuels for railroad use 
are currently running about six times pre- 
war demands. In addition, it seems that 
most of the railroads are endeavoring to 
convert to Diesel electric locomotives as 
soon as possible. 


QUESTION 3— 


What Are the Trends for the 
Forseeable Future? 


When it comes to projecting the prob- 
able future of octane numbers for motor 
gasolines, it would be very nice to be 
able to draw curves which could be ex- 
tended over 5, 10 or 15 years, Unfortun- 
ately, such a convenient approach to the 
problem is entirely impractical. What will 
happen in the more distant future is 
quite likely to be dictated by develop- 
ments which at this time cannot be 
clearly foreseen. As has been pointed out, 
motor gasoline octane numbers much 
above 90 Research will be expensive to 
attain by any process now known, Fur- 
ther, to justify the additional manufac- 
turing costs, they must be matched by 
appropriate engine developments. 


Drastic Engine Changes Seen 


Rather drastic changes in power plant 
design are strongly indicated in order to 
take full advantage of the higher quality 
fuels already being distributed. The 
power plants now in general production 
are not very different in their basic de- 
signs from those of 10 and 15 years ago. 


°F. G. Shoemaker and H. M. Gadebusch, 


“Effect of Fuel Properties on Diesel-Engine 
Performance”, SAE Journal, July, 1946. 
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While automatic transmissions and fluid 
drives have come into the picture to some 
extent, most of the cars now being built, 
still employ the conventional friction 
clutch and transmission. Enough discus- 
sions have appeared in the technical 
press to indicate that, some day in the 
distant future, there will come into use 
automatic transmission (probably of 
several radically different types) and 
high compression power plants designed 
to deliver the goods (when used with 
such transmissions and when operated 
upon suitable fuels.) 


Perhaps such power plants will justify 
more expensive fuels of higher octane 
number. In the past, however, the petro- 
leum industry, of necessity, has taken the 
lead in making improved fuels available 
in advance of the requirements of high 
compression. engines. The car builder 
has always had such fuels ahead of him 
and could redesign or modify his en- 
gines accordingly. By the same token, the 
user of older equipment could take ad- 
vantage of such fuels as a means of avoid- 
ing the nuisance and expense of some 
maintenance work. 


Fuels May Become More Volatile 


Whenever changes in motor fuel qual- 
ity are discussed, thought is usually given 
only to octane number, although volatility 
characteristics constitute the most import- 
ant distinguishing feature of gasolines. 
Perhaps, as the years roll on, motor gaso- 
lines will become more and more volatile, 
particularly with respect to end point, 
and may approach aviation gasolines more 
closely than they now do. No such trends 
are indicated at this time, however, for 
the good and sufficient reason that there 
are no indications that much better en- 
gine performance can be secured, al- 
though experience has demonstrated im- 
proved car operation, particularly with 
manual chokes, with fuels of higher than 
usual volatility. 

Volatility characteristics of motor gaso- 
lines have become quite highly stabilized 
during the past decade or so, with 90% 
points not varying too far from 350°F., 
and front end volatilities adjusted to 
seasonal, geographic, and _ climatic 
changes. In all probability, front end 
volatilities will increase somewhat in the 
next few years, but the problem of vapor 
lock seems to impose a rather effective 
barrier to any changes in fuel volatility 
which would significantly increase tend- 
ancies toward vapor liberation at high at- 
mospheric temperatures. 

As time goes on, typical motor gasoline, 
like other fuels, will probably contain 
more and more sulfur. This is due to the 
increased use of “sour” crudes, as was 
pointed out in the preceding section of 
this paper. Processes exist by which::the 
sulfur. cam, be.eliminated, or at east 
dropped to low levels, The cost of this 
operation, however, which would have 
to be borne by the purchaser of the 
finished product, would be considerable 
and, it would seem, cannot be justified 
by equipment or service requirements. 

About 25 years ago, the necessity for 
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maintaining low sulfur limits was estab- 
lished through experience with engine 
corrosion which in certain section of the 
country was quite severe. For many years 
past, however, all automotive engines 
have been built with positive crank case 
ventilation systems, which eliminate most, 
if not all, of the moisture. The result js 
that corrosion, even on fuels of compara- 
tively high sulfur content, is much less 
severe than in the older engines with 
fuels of lower sulfur content. In fact, 
certain sections of the country have got- 
ten along very well upon a diet of gaso- 
lines whose sulfur contents are several 
times those found to be tolerable more 
than 20 years ago. 


Avgas Components Won't Change 


In spite of the fact that aviation re- 
quirements place very high premiums 
upon fuel quality, the use of fuels of 
more than 115/145 js not indicated in 
the near future. Better fuels can be made 
in quantity and some have actually been 
prepared for limited experimental use. 
As matters now stand, however, there 
appear to be virtually no prospects for 
either a new component, or for new 
manufacturing methods. In other words, 
as far as can be seen, aviation gasolines 
must be made from the strikingly small 
number of high octane components now 
available, most of which are in general 
use. 

Up to this point, nothing has been 
said about fuels for the combustion tur- 
bine, or jet engine. These power plants, 
in spite of their’ prominence in military 
operations, must be regarded as in their 
early stages of technical development. 
Many aspects of these power plants have 
not yet crystallized, nor has development 
been carried to the point where fuel 
properties can be directly associated with 
performance. About all that can be said 
of the combustion turbine js that, to date, 
its fuel preference is remarkably similar 
to that of the high speed Diesel. 

This combination, with other peculiar 
problems of utilization, has thus far in- 
dicated that aviation turbine fuels will 
closely resemble kerosine, high speed 
Diesel fuel, or mixtures of such fuels with 
gasoline. It is, therefore, impossible to 
offer any long range predictions concern- 
ing jet fuel developments at this time, 
and the writer will hazard the guess that 
several more years must pass before any 
pronounced trends in the characteristics 
ot such fuels will become evident. 


Distillate Picture Is Uncertain 


All things considered, the general dis- 
tillate fuel picture is probably the most 
difficult to predict from a long range 
point of view. Current demands for 
domestic heating fuels amount to practic- 
ally 1/3 the demand for,gasoline. If they 
grow to 1/2 the demand for gasoline 
(and ‘they very well might) there would 
seem to be no alternative than to make 
them of substantially all cracked stocks. 
This will, in turn, reduce their hydrogen- 
carbon ratio and to some extent make 
them still more critical to the various 
factors controlling combustion. Even if 





this should occur to the foreseeable e 
treme, however, such fuels should sti!! 
be very good fuels, They can be mac\ 
quite stable and combustible with goo! 
efficiency and_ reliability. They wil! 
however, be different and will require 
that the furnace equipment in which they 
are burned be properly engineered to 
burn them satisfactorily and with clean, 
controlled combustion. 


Better Diesel Yardstick Needed 


As for the Diesel fuel picture, it is 
somewhat technically complex but not 
necessarily pessimistic from the quality 
standpoint. A part of the problem, as far 
as the long range future is concerned, 
arises from the fact that the true needs 
of the high performance Diesel engine 
as used in railroad and highway trans- 
portation, are rather imperfectly known. 
Cetane number, as now measured, is far 
from a complete performance quality 
index. In many cases it seems to have 
functioned more as a cleanliness factor 
than as a criterion for ignition quality. 


The necessary cleanliness and stability 
can and must be assured without the 
obligation to continue the use of virgin 
paraffinic stocks. To produce such fuels 
is, of course, the petroleum industry's 
responsibility. However, to use all the 
country’s resources most effectively and 
to provide the abundance of fuels re- 
quired by the multitude of Diesel engine 
users, and at the lowest possible costs, 
will require the cooperative efforts of all 
concerned, in order that the necessary 
compromises in adapting equipment to 
fuel requirements, and vice versa, can be 
effected. It now appears that the railroad 
uses for diesel fuel are heading rather 
rapidly to a demand of upwards of 10% 
of that of gasoline. This would seem to 
pose no serious problem although, as 
has already been pointed out, the quanti- 
ties are so large as to require the careful 
adapting of equipment and fuels. 


Conclusions 


This article is less a technical paper 
than a summary report on the quality 
changes which have recently occurred 
in the leading types of petroleum fuels 
and the further changes considered prob- 
able in the near future. 

Perhaps the one fact most clearly indi- 
cated by this report is that the petroleum 
and automotive industries have entered the 
realm where the costs of further product 
quality improvement will increase at 
accelerating rates, Careful engineering of 
equipment and fuel will be required to 
insure resulting performances which will 
justify those cost increases to the ulti- 
mate user. Close co-ordination of develop- 
ment effort will be needed, and steps 
involving improvements in the products 
of either industry must be based on the 
most careful studies. 
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Typical installation of a three-cell, mechanical draft cooling tower. Circular domes 





at top of each cell contain fans for drawing air up through tower 


Evaluate Performance of Induced Draft 


Cooling for Closer Control of Costs 


By JAMES G. DeFLON 


Chief Cooling’ Tower Development Engineer 
The Fluor Corp. Ltd. 


The closer control of production demanded in refineries today places 
more exacting demands upon cooling tower installations. In many instances 


each additional degree of cooling achieved means increased output and 


reduced plant operating costs. 


Factors in the evaluation of cooling towers for efficient plant operation 


are presented in non-technical language. Tower performance is shown to 


be governed chiefly by the ratio of weights of air to water and the time of 
contact between water and air. Tower size is shown to be a function of the 
cooling range, quantity of water to be cooled, wet bulb temperature, air 
velocity and tower height. Performance curves are presented for preliminary 


estimations of design variables based on requirement variables. Examples 
are given to illustrate the use of the charts. 


Discussion in this article is limited to induced or mechanical draft type 


cooling towers. A following article will discuss atmospheric type towers. 


processes of cooling water are 

among the oldest and simplest known 
to man. Some of the processes are slow, 
such as the cooling of water on the sur- 
face of a pond; others are comparatively 
fast, such as the spraying of water into 
air. These processes all involve the ex- 
posure of water surface to air with vary- 
ing degrees of efficiency. 

The heat transfer process involves a 
latent heat transfer due to change of state 
of a small portion of the water from liquid 
to vapor and a sensible heat transfer due 
to the difference in temperature of water 
and air. Approximately 1000 Btu are re- 
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quired to evaporate one pound of water. 
This is the amount. of heat lost in cooling 
100 lbs. of water 10° F. Therefore, for 
each 10° of cooling effected, roughly 1% 
of water is lost by evaporation. In addi- 
tion, there will be a spray loss of not more 
than 0.2% in a well-designed atmospheric 
or mechanical draft tower. Water cooling 
from 120° to 90°, for example, will there- 
fore lose 3.2% of its weight with each 
passage through the tower. 

In cooling towers in which the water is 
warmer than the air, the heat removed 
from the water and transferred to the air 
q, is the sum of the sensible heat, q,, and 


the latent heat of evaporation, wr, The 
sensible heat is small compared to the 
latent heat transferred. 

qd: = 4, +hwr 

w = kAdp,, : 

The factors which influence the per- 
formand¢e of a cooling tower are there- 
fore those which affect the expression 
kAAp,,. The value kA depends on the 
construction of the equipment, the extent 
of water surface exposed through drop 
surface and filming surface, and the 
velocity of the air. 4p,, depends on the 
temperature of the water and the tem- 
perature and humidity of the air. Actual- 
ly, Ap,, represents the difference in vapor 
pressure between the water at its temper- 
ature and the water if it were at the wet 
bulb temperature of the air. 


It is evident from the above that the 
water cannot be cooled below the wet 
bulb temperature of the entering air. The 
wet bulb temperature, or to be more pre- 
cise, the adiabatic saturation temperature, 
represents the minimum temperature that 
the water would reach with infinite time 
of contact between water and air in a 
cooling tower. This must be kept in mind 
when désigning a plant to operate on cool- 
ing tower water. 


There are two types of cooling towers 
in general use today—the atmospheric and 
the mechanical draft. The older appar- 
atuses for cooling water, i.e., the spray 
pond and natural draft chimney towers, 
have been almost exclusively replaced by 
those two types. The objection to the 
spray pond is the limited performance 
available and the nuisance created by the 
high water loss occurring during certain 
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seasons of the year. The objection to the 
natural draft tower is the high initial cost 
and the serious reduction in performance 
experienced during periods of hot weather. 

Both the atmospheric and the mechan- 
ical draft towers are capable of cooling 
water to the same minimum temperatures. 
The economic situation, the prevailing at- 
mospheric conditions, the desired ap- 
proach to the wet bulb temperature, and 
the amount of space available, will in- 
dicate which type to select. 


Mechanical Draft Towers 


Two types of mechanical draft towers 
are in use today. In the forced draft 
tower, the fan is mounted at its base and 
the air is forced in the bottom and dis- 
charged through the top at low velocity. 

In the induced draft tower, the fan is 
mounted on the roof of the structure and 
air is pulled upward and discharged at a 
high velocity. 

The forced-draft type is fast losing 
favor as it is more often subjected to the 


recirculation of the hot humid exhaust 
vapors back into the air intakes than the 
induced-draft type. This occurs under 
certain atmospheric conditions because 
the velocity of the humid exhaust air is 
so low that the suction created by the 
fans tends to draw it back into the tower. 
Since the wet bulb temperature of the ex- 
haust air is considerably above that of 
the ambient air, there is a decrease in 
performance evidenced by an increase in 
cold water temperature. 

Except for the location of the fans, the 
structural and operational features of the 
two types of mechanical draft towers are 
essentially the same. A _ cross-sectional 
view of the induced-draft tower with the 
various parts labeled is shown in Fig. 1. 

The entrained moisture is removed from 
the exhaust air by the drift eliminator, 
which is placed just above the spray 
chamber and below the fan. The water is 
pumped to the main header located in 
the top of the tower where it is distri- 
buted to the various nozzles. This water 
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Fig. 1—Cross-sectional view of a mechanical draft (induced-draft) cooling tower. 
With the upspray distributing system, it is necessary to allow sufficient space be- 
tween the drift eliminators and the nozzles for a spray chamber 
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is sprayed up in a manner similar to 1} . | 
used in a spray pond and is intimat: \, 
mixed with the exhaust air before dro-- 
ping to the docks below. (In perfor: 
ance, the upspray distributing system re»)- 
resents the equivalent of adding 8 or 9 :: 
to the height of the cooling tower oy: 
that of the gravity-type system ). 

The fall of the water is interrupted |, 
the slat-type grids as it flows counter- 
currently to the air. In flowing counter- 
currently, the coldest water contacts the 
driest air and the warmest water contacts 
the most humid air. Maximum perform- 
ance is thus obtained since the tempera- 
ture of all of the cold water is approach- 
ing the wet bulb temperature of the enter- 
ing dry air. This was not true of the older 
cross-flow and parallel-flow type cooling 
towers, 

The performance of a given type cool- 
ing tower is governed by the ratio of the 
weights of air to water and the time of 
contact between water and air. In com- 
mercial practice, the variation in the ratio 
of air to water is first obtained by keep- 
ing the air velocity constant at about 350 
ft./min./sq. ft. of active tower area and 
varying the water concentration ( gals./ 
min./sq. ft. of tower area). 

As a secondary operation, the air ve- 
locity is varied to make the tower accom- 
modate the cooling requirement. The 
time of contact between water and air is 
governed largely by the time required for 
the water to discharge from the nozzles 
and fall through the tower to the basin. 
The time of contact is, therefore, obtained 
in a given type of unit by varying the 
height of the tower. Should the time of 
contact be insufficient, no amount of in- 
crease in the ratio of air to water will 
produce the desired cooling. 

It is therefore necessary that a certain 
minimum height of cooling tower be 
maintained. Where a wide approach® of 
15° to 20° F. to the wet bulb tempera- 
ture and a 25° to 35° F. cooling range°® 
is required, a relatively low cooling tower 
will suffice. A tower in which the water 
travels 15 to 20 ft. from the distributing 
system to the basin is sufficient. 


Where a moderate approach of 8° to 
15° and a cooling range of 25° to 35° 
is required, a tower in which the water 
travels 25 ft. to 30 ft. is adequate. Where 
a close approach of 4° to 8°, with a 25° 
to 35° cooling range is required, a tower 
in which the water travels from 35 ft. to 
40 ft. is required. It is usually not eco- 
nomical to design a cooling tower with 
an approach of less than 4°, but it can be 
satisfactorily accomplished with a tower 
in which the water travels 35 to 40 ft. 


Fig. 2 shows the relationship of the hot 
water, cold water and wet bulb tempera- 
tures to the water concentration. From 
this, the minimum area required for 4 





© The approach is the difference between the 
cold water temperature and the wet bulb tem 
perature. 

®® The cooling range is the difference be- 
tween the hot water temperature and the coli! 
water temperature, 
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USE FOR PRELIMINARY ESTIMATES ONLY. DO 
NOT EXTRAPOLATE BEYOND LIMITS OF CURVE 
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Fig. 2—Performance curve of a counter flow, induced-draft cooling tower with up- 
spray distributing system containing 24 ft. of filling 


given performance of a_ well-designed 
counterflow induced draft cooling tower 
can be obtained. Fig. 3 gives the HP per 
sq. ft. of tower area required for a given 
performance. 

These curves do not apply to parallel 
or cross-flow cooling since these processes 
are not as efficient as the counterflow 
process. Also they do not apply where the 
approach to the cold water temperature is 
less than 5° F. These charts should be 
considered approximate and for prelim- 
inary estimates only. Many factors not 
shown in the graphs must be included in 
the computation and hence the manufac- 
turer should be contacted for final design 
recommendations. 


Performance Varies with Concentration 


The cooling performance of any tower 
containing a given depth of filling varies 
with the water concentration. It has been 
found that the maximum contact and per- 
formance is obtained with a tower having 
a water concentration of 2 to 3 gals. of 
water/min./sq. ft of ground area. 

Thus, the problem of calculating the 
size of a cooling tower becomes one of 
determining the proper concentration of 
water required to obtain the desired re- 
sults. A higher tower will be required if 
the water concentration falls below 1.6 
gals./sq. ft. Should the water concen- 
tration exceed 3 gals./sq. ft., a lower 
cooling tower may be used. 

Once the necessary water concentra- 
tion is obtained, the tower area can be 
calculated by dividing the gpm. circulated 
by the water concentration ( gals./sq. ft.). 
The required tower size then is a function 
of the following: 

1. Cooling range (hot water tempera- 
ture minus cold water temperature ). 

2. Approach to wet bulb temperature 
(cold water temperature minus wet bulb 
temperature ). 

3. Quantity of water to be cooled. 

4. Wet bulb temperature. 

5. Air velocity through the cell. 

6. Tower height. 

To illustrate the use of the charts let us 
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assume that we have the following cooling 
conditions: 


Hot water temperature .... 102° F. 
Cold water temperature .... 78° F. 
Wet bulb temperature (Twb) 70° F. 
SNE Chinas otcccewades 2000 gpm 


Laying a straight edge across Fig. 2 
and connecting the points representing the 
design water and wet bulb temperatures, 
we find that a water concentration of 
2 gals./sq. ft. is required. Dividing the 
quantity of water circulated by the water 
concentration, we find that the theoretical 
area of the tower is 1000 sq. ft. 


To obtain the theoretical fan horse- 
power, we use Fig. 3. Connecting the 
points representing the 100% of stand- 
ard tower performance with the turning 
point, we find that it will require .041 


NOTE: USE FOR PRELIMINARY ESTIMATES ONLY 


To find fan horsepower, place straight edge on % design 


HP/sq. ft. of actual effective tower area. 
Multiplying by the tower area of 1000 
sq. ft., we find that it requires 41.0 fan 
horsepower to perform the necessary cool- 
ing. 

Suppose that the commercial tower 
size is such that the actual tower area is 
910 sq. ft. We can still obtain the cool- 
ing equivalent to 1000 sq. ft. of standard 
tower area by increasing the air velocity 
through the tower. Within reasonable 
limits, the shortage of actual area can be 
compensated for by an increase in air ve- 
locity through the tower which, in turn, 
requires a higher fan horsepower. Our 
problem then becomes one of increasing 
the performance of the smaller tower by 
10%. From Fig. 3, by connecting the 
points representing 110% of standard 
tower performance and the turning point, 
the fan horsepower is found to be .057 
HP /sq. ft. of actual tower area, or .057 x 
910 51.9 HP. 


Comparative Sizes 


On the other hand, suppose the com- 
mercial tower size is such that the actual 
tower is 1110 sq. ft., the cooling equiva- 
lent to 1000 sq. ft. of standard tower area 
can be accomplished with less air and less 
fan horsepower. By the use of Fig. 3, the 
theoretical fan horsepower for a tower 
doing only 90% of standard performance 
is found to be .031 per sq. ft. of actual 
tower area or 34.5 HP. 

This illustrates how sensitive the fan 
horsepower is to small changes in tower 
area. The importance of designing a tower 
which is slightly oversize in ground area 
becomes immediately apparent. 

Let’s assume that we have the same 
cooling range and approach as used in the 
first example, except that the wet bulb 


HORSEPOWER PER SQ. FT. OF TOWER AREA 


tower capacity factor and turning point, then read fan 


horsepower per square foot of tower area at right. Mul- 





tiply tower area by this factor to obtain fan horsepower. 


Fig. 3—Fan horsepower curve for induced-draft cooling towers with 24 ft. of filling 
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DESIGN CONDITIONS 
GPM = 2125 PER CELL 


T= 115°F 
T2= 85°F 


Twb = 76°F 
130 


HOT WATER TEMPERATURE 


Te) sae 


100}-— 


80 


temperature is lower. The design condi- 
tions would then be: 


GPM = 2000 


Range = 24°F. 
Approach 8° F. 

T, 92° F, 

T, = 68°F. 

Wet bulb temp. = 60° F. 


From Fig. 2, we find the water concen- 

tration required to perform the cooling 
is 1.75, giving a theoretical tower area 
of 1145 sq. ft. as compared with 1000 
sq. ft. for a 70° wet bulb temperature. 
This shows that the lower the wet bulb 
temperature for the same cooling range 
and approach, the larger the area of the 
tower required and therefore the more 
‘difficult the covuling job. 
' The problem of estimating the perform- 
ance of an existing tower at other than 
design conditions is often encountered by 
the plant operator. For example, suppose 
we have a tower that was designed for 
the following conditions: 


GPM = 1000 
Range = 30°F. 
Approach = 10°F. 
T, = 110°F. 
= §80°F. 


Wet bulb. eemp. = 70°F. 
What will the cold ‘temperature (T,) 
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2125 GPM PER CELL 


85 90 
COLD WATER TEMPERATURE 


Fig. 4—Typical performance curve for mechanical draft cooling tower 


be when the wet bulb temperature ( T wb ) 
drops to 60°, providing, of course, that 
the heat load and water quantity remain 
constant? From Fig. 2 we find that the 
water concentration is 2.0 gal./sq. ft. at 
design conditions. This water concen- 
tration does not change since the volume 
of water and the tower area remain con- 
stant. 


With the water concentration at 2.0 and 
the wet bulb temperature at 60°, by ad- 
justing the angle of the straight edge 
on Fig. 2 until we obtain a 30° differ- 
ential between the hot water and cold 
water temperatures, we find the hot water 
temperature to be 103°, and the cold 
water temperature to be 73°. 


Suppose now, that the above designed 
tower had 1500 gpm flowing through it, 
and the total heat load remained constant, 
what would the cold water temperature 


~ be when the wet bulb temperature is 


65°? The design heat load was 
1000 x 8.33 x 30 = 250,000 Btu./min. 


The new cooling range (heat load re- 
maining constant) when circulating 1500 
gpm over the tower would be 

250,000/(1500 x 8.33) = 20.0° F. 


Theoretically, the design area of the 


tower from Fig. 2 was 500 sq. ft. (1000 
gpm/(2.0 gal./sq. ft.) = 500 sq. ft. 
The water concentration when circulatiry 
1500 gpm is 


1500/500 = 3.0 gal./sq. ft. 


Now, referring to Fig. 2, with a water 
concentration of 3.0 gal./sq. ft. and 65 
wet bulb temperature, adjust the straight 
edge until a difference of 20° exists be- 
tween the hot water and cold water tem- 
peratures. This shows the hot water 
temperature to be 100° and the cold 
water temperature to be 80°. 


This indicates that the possibility of a 
lower cold water temperature obtained 
by the lower wet bulb temperature was 
lost due to the adverse effect of the in- 
creased water quantity. 


Fig. 4 shows the type of performance 
curve furnished by the cooling tower 
manufacturer. This shows the variation 
in performance with change in wet bulb 
and hot water temperature, while main- 
taining the water quantity constant. 


The type of nozzles used in upspray 
cooling tower distributing systems is 
shown in Fig. 5. In upspray distributing 
systems, a pressure of 7 psi. is common 
practice; however, 5 psi. is adequate. 


This nozzle is of the non-clogging 
type. It does not depend on small ori- 
fices to obtain minimum drop-size but, 
rather, upon centrifugal force. The water 
is given a spiral action by its tangential 
entrance into the spiral chamber. The 
dome-shaped approach to the discharge 
orifice increases this spiral action as it 
approaches the discharge orifice. This 
whirling action, which generates the nec- 
essary. velocity for fine breakup, assures 
uniform drop-size and efficient water dis- 
tribution over a maximum area. This 
formation of uniformly small drops as- 
sures maximum contact with air, result- 
ing in high cooling efficiency. 

(Ed. Note: An article further develop- 
ing this subject will be published in a later 
issue. ) 








Fig. 5—Cutaway view of an upspray 

nozzle showing the side entrance which 

starts the spiral action upward to the 

discharge orifice. The removable screw 

plate can be drilled as shown for auto- 

matic drainage, preventing winter 
freezing 
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TOMORROW 


..- IN PETROLEUM TECHNOLOGY 


Current technological and economic developments discussed here in 
the light of their future bearing on petroleum refining operations 


include: 


® Peacetime demands threaten to overflow refining capacity. 


® Increased attention being given to information services. 


® Chemicals from petroleum reached record levels in 1946. 


® Term “Synthine" replacing "Fischer-Tropsch". 


® Odd correlation between the price of nylon and hose. 


® Industrial oxygen is attracting increased attention. 


® Petroleum company road tests its gasoline indoors. 


Peacetime Demands Threaten to 
Overflow Refining Capacity 


PETROLEUM economists have long 

toiled over the task of forecasting 
future demands and prices, and many and 
interesting are their correlations of these 
factors with business activity indices. 
What almost every economist failed to 
consider fully a few years ago, however, 
was the amazing resilience of American in- 
dustry and the potent force of pent-up 
demands, 

Under these influences, postwar activity 
has risen to new heights almost without 
regard, seemingly, for strikes and material 
shortages, and petroleum and its products 
—vital, as ever, to the nation as a whole 
—are riding the crest of record demands 
without apparent check in sight. In fact, 
even if the sometimes-forecast recession 
does occur late this year, economists feel 
that it will only slightly retard the growth 
in demands which now give every indi- 
cation of exceeding refining capacity. 

Record peacetime demands seem in or- 
der for almost every petroleum product, 
and prices for fuel oils are now at such 
peaks that refiners more than hesitate 
about maximizing gasoline production. 
Bureau of Mines’ forecasts for 1947, made 
late last year(1) and now apparently con- 
servative, show a total product demand 
of 2,010,000,000 bbls., compared with 1,- 
927,000,000 for 1946. Some 805,000,- 
000 bbls. of the 1947 figure represents de- 
mand for motor fuels; distillate fuel oil 
demand is placed at 290,000,000 bbls.; 
residual fuel oil demand at 490,000,000 
bbls.; kerosine demand is calculated as 
101,000,000 bbls.; and demand for “other 
products” at 324,000,000 bbls. 

What is amazing about these figures is 

(1) Anon., NATIONAL PETROLEUM NeEws 88, 
No. 50, 42 (1946), “Bureau of Mines Sees 
2,205,000 B/D Record Fuel Demand in 1947.” 
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that, with the single exception of the 
1944 and 1945 (wartime) demands for 
residual fuel oil, they constitute all-time 
peaks in product demands, peacetime and 
wartime. Such a situation was certainly 
not foreseen for 1947 even a year ago, and 
certainly not in 1944 and 1945, when 
economists were freely forecasting 1949 
and 1950 as the years when demands 
would soar past 1941 and wartime levels. 

No detailed analysis of the reasons for 
this situation can of course be attempted 
here. In regard to motor fuels, for example, 
the nation is witnessing the phenomeno~ 
of record demand from fewer than record 
number of vehicles and the pleasant pros- 
pect of future increases in demand from 
the peak production of cars by the auto- 
mobile industry, coupled with a continued 
subnormal rate of scrapping. Off-highway 
uses—aviation gasoline, industrial naph- 
thas, farm gasoline, etc.—also exceed 1941 
consumption by a considerable figure. 

Increased demand for the fuel oils— 
kerosine, distillate, and residual—is ap- 
parently predicated upon their popularity 
for home burner consumption in addition 
to appreciable increases in their industrial 
uses. A feature article could be devoted 
to kerosine alone; it must suffice to note 
that 1941 (record peacetime) demard 
(including exports) was only 72,690,000 
bbls. and that the wartime peak reached 
in 1945 was only 81,753,000 bbls. 

All of these demands are giving refining 
executives a headache—delightful on a 
profit basis, but severe as regards keeping 
normal markets satisfied and _ refineries 
operating on an efficient basis. Refining 
capacity has increased steadily during the 
war, and extensive expansions are now 
in progress or are being planned, but 
latest estimates place 1947 crude runnir< 
capacity at 1,790,000,000 bbls.—consid- 
erably below demands. 

Nor can material comfort be gained 


from imports; only in the case of crude oil 
do these exceed exports by any appreci- 
able amount, and crude imports are no 
consolation when refinery capacity is in 
question. 

Unless something unforeseen occurs, 
then, it would appear that at least regional 
shortages of motor fuels and fuel oils wil! 
be encountered this year, despite all-out 
refinery operations. Prices for crude oil 
and its products will probably rise in ac- 
companiment. All in all, refiners apparent- 
ly face a busy year. 


Increased Attention Being Given 
Petroleum Information Services 


RADE and technical journals such 

as PETROLEUM PROCESSING are always 
vitally interested in the uses to which the 
information they contain are being put, 
for this is a measure of their true utility 
and the success of their editorial en- 
deavors. A journal may be devoted almost 
entirely to news reporting; in that case, 
its readers choose it in order to keep in- 
formed of current developments and rare- 
ly refer to it again except for statistics and 
confirmation of specific items. On the 
other hand, a journal may deal, as does 
PETROLEUM PROCESSING, with the tech- 
nical aspects of the industry which it 
serves; in this case its readers not only 
choose it in order to keep abreast of their 
field but also keep it for future reference 
as problems arise. 

No one journal can pretend to publish 
all the information pertaining to its pur- 
pose, however. Similarly, the vast flow of 
publications—journals and books—in re- 
lated fields of science and technology has 
reached such proportions that it is almost 
impossible for the average individual even 
to keep abreast of developments in the re- 
stricted fields of his own work. 

To serve as interpreters of this wealth 
of information, to render it effective, but 
“by no means to attempt to separate the 
scientist from contact with the primary 
sources of knowledge,” many petroleum 
companies have established information 
service departments. 

The establishment of such departments 
has not been a static activity, however, 
as evidenced by two recent publica- 
tions(2), (3) and by the joint symposium 
on this subject scheduled to be held this 
month by the Divisions of Petroleum 
Chemistry and Chemical Education of the 
American Chemical Society. 

As evidenced by the description‘) of 
its technical library, the Magnolia Petro- 
leum Co. is typical of those petroleum 
companies who employ their information 
service groups for a multiplicity of pur- 
poses. Functions assigned to the Mag- 
nolia library apparently include: (1) 
provision of “a minimum list of reference 





(2) Weil, B. H., Petroleum Refiner 26, No. 
2, 152 (1947); Georgia School of Technology, 
State Engineering Experiment Station Circular 
No. 10, “Information Service and the Petroleum 
Industry.” 

(8) Fort, H. T. and Downs, L. E., Southern 
Power and Industry 65, No. 2, 46 (1947), 
“Designing and Operating a Plant Library.” 
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works for use by plant officers,” (2) sift- 
ing of “the mass of industrial information 
being issued almost daily and direction of 
the significant material to the supervisors 
within whose fields it lies,” (3) perform- 
ance of library research upon official re- 
quest, and (4) maintenance of “clipping 
files on subjects of current interest to the 
plant.” To these normal functions of an 
industrial library, Magnolia “has added 
a fifth general duty—the maintenance of 
a central file for the entire organization, 
capable of quick reference use. 


Space does not permit an account of 
the subject matter of the other recent 
paper‘?) on this topic, although it presents 
a broad and detailed discussion of the 
services involved and the factors pertain- 
ing to their performance. In the words of 
its abstract, “scientific and technologic 
developments of the past few decades 
have presented the petroleum industry 
with a wealth of published information 
for use in its highly technical, extremely 
diverse operations. Many petroleum com- 
panies have provided information service 
groups to interpret this data, as needed, 
and to condense, in a usable manner, the 
flow of current information. Such service 
groups, where properly staffed, also can 
aid in patent work, editing, advertising, 
and other correlated activities. 


“These services, however, are often be- 
yond the means of the smaller companies, 
and much needless duplication could be 
avoided by some organized form of inter- 
company cooperation, In any case, the in- 
creasing flow of published information in- 
dicates an “ever greater need for technical 
information services.” 


Chemicals from Petroleum 
Reach Record Levels in 1946 


N ITS annual review and forecast num- 

ber, Ghemical Engineering(4) has re- 
leased some very interesting statements 
about the 1946 production cf chemicals 
from petroleum. To begin with, one chart 
shows that while total production of syn- 
thetic organic chemicals declined nearly 
1,000,000,000 Ibs. in 1946 from the 1944 
wartime peak of almost 15,000,000,000 
Ibs. (almost equalled in 1945), the pro- 
duction of “chemical raw materials from 
petroleum and natural gas” increased 
steadily during this period to a total of 
approximately 3,750,000,000 Ibs. in 1946, 
about 28% of the production of all syn- 
thetic organic chemicals. 


“While a number of new plants went 
into production in 1946, the year was 
marked by the projected expansion in di- 
verse branches of the industry. Geo- 
graphically, new plant construction is un- 
der way or being planned for most in- 
dustrial sections of the country, but much 
of it is concentrated in the Texas gulf 
coast area. Significantly, this is further in- 
dication of the shifting emphasis to pe- 


(4) Anon., Chemical Engineering 54, No. 2, 
112 (1947), “Synthetic Organic Chemicals.” 
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troleum and natural gas as chemical raw 
materials. 

“Accelerated by the war, the ready 
availability and stable supply of petro- 
leum and natural gas has attracted much 
of the projected capacity in this field. 

Synthetic detergents are mentioned as 
being “one of the fastest growing classes 
of compounds,” with an annual capacity 
at the end of 1946 cf some 400,000,000 
Ibs. compared with less than 30,000,000 
Ibs. in 1941. “A substantial tonnage is now 
hased on petroleum and much of the fu- 
ture expansion (ultimate annual capacity 
has been estimated as high as 1,000,000, 
000 Ibs.) will be peircieum derived. Ac- 
cording to some predictions, up to 50% 
of total soap requirements may be met by 
products containing synthetic detergents. 
Bulk of this material will be furnished as 
intermediates to the soap industry.” 

Other petroleum chemicals soon to be 
produced in increased quantities include 
ethyl alcohol and ethylene glycol. In 1946, 
“producers of synthetic alcohol turned out 
about 65,000,000 gals., but virtually none 
of this came on the open market. 

Few other specific figures are presented, 
but the trend indicated is certainly sig- 
nificant. Petroleum and natural gas will 
more and more be used as raw materials 
for chemical synthesis. 


Term "Synthine" Replacing 
"Fischer-Tropsch" in America 


) HAS now been two years since com- 
ment was made in this series(5) that 
“the use of the term ‘Synthine’ is becom- 
ing well associated with the many varia- 
tions of the hydrogenation of carbon mon- 
oxide to hydrocarbons.” Since that time, 
it has been used to an increasing extent 
in place of the awkward “Fischer- 
Tropsch,” the confusing “gas synthesis,” 
the ambiguous “indirect hydrogenation of 
coal,” and the technically correct but 
lengthy “hydrogenation of carbon mon- 
oxide to hydrocarbons and oxygenated de- 
rivatives.” 

Only time will tell if this Anglicized 
version of the German term “Synthin” 
(Synthetisches Benzin or, translated, syn- 
thetic gasoline) will completely replace 
the more familiar “Fischer-Tropsch” in 
technical terminology, but it has already 
been used to a considerable extent and, 
it is reported, will be employed in the first 
book to be devoted to the process. 


It is interesting to note that a recent 
article(®) comments that “the ‘Synthine 
process is a name which is apparently 
being accepted in the United States, in 
lieu of Fischer-Tropsch, to make products 
which are intermediate betwee the Koga- 
sin and Synthol syntheses; namely mix- 
tures of hydrocarbons and oxygenated 


(5) Anon., NATIONAL PETROLEUM NEWS, 
Technical Section 37, No. 18, R-366 (1945), 
“Keeping Up With the News—Synthine De- 
fined.” 

(6) Downs, C. R. and Rushton, J. H., 
Chemical Engineering Progress 1, No. 1, 12 
(1947), “Tonnage Oxygen.” 


products.” This is probably not quite cor- 
rect, however, since in most cases the 
term “Synthine” has been used to refe: 
to all syntheses which involved the reac- 
tion of hydrogen and carbon monoxide 
to yield hydrocarbons, oxygenated hydro 
carbons, and mixtures of both. 
Furthermore, the cther terms, “Koga- 
sin” and “Synthol,” are used in this defi- 
nition(®) to refer to processes (or prod- 
ucts therefrom) which involve the pre- 
dominant production of liquid hydrocar- 
bons and oxygenated hydrocarbons, re- 
spectively. Again, this usage is not rigor- 
ous, since the term “Synthol” is apparent 
ly being used in this country by at least 
one engineering company (Kellogg) to 
describe a process in which hydrocarbons 
presumably predominate in the products 


In German terminology, “Kogasin” 
(from the German words for coal-gas- 
gasoline) is used synonymously with 
“Fischer-Tropsch” to relate to the pro- 
duction of hydrocarbons, but its generic 
meaning (reference to coal as raw mate- 
rial) negates its American interpretation 
and use, at least as long as natural gas is 
used as raw material. The original Ger- 
man “Synthol” process did relate to the 
predominant production of oxygenated 
hydrocarbons, but, as mentioned, the 
American usage of the term apparently 
differs in meaning. 

Hydrocarbon Research, Inc., has ap- 
plied the tradename “Hydrocol” to its 
process, which produces largely hydrocar- 
bon products (but some oxygenated ccom- 
pounds). Other tradenames may well ap- 
pear, since competition between com- 
panies will prevent acceptance of each 
other’s names. In the discussion of over- 
all technical and economic problems, how- 
ever, it will always be necessary to em- 
ploy a term or terms which describe all 
processes in a general way, and it is for 
this use that the term “Synthine” is be- 
ing increasingly employed in American 
terminology. 

Generic meanings and technical ac- 
curacy are of little concern to the non- 
technical public, but such difficultly- 
spelled words as “Fischer-Tropsch” can 
hardly be expected to have much appeai 
for use in connection with a process which 
will be increasingly in the public eye. No 
one will ever deny the technical contribu- 
tions of the men themselves, but it seems 
unnecessarily sentimental to burden future 
terminology with their names. 


Odd Correlation Between 
Price of Nylon and Hose 


OW that nylon has become a “plastic 
from petroleum” by virtue of the 
near-future production of its intermediates 
from petroleum-derived cyclohexane at 
du Pont’s plant at Orange, Texas, it is 
quite proper for one to discuss the deli 
cate subject of ladies stockings in the 
midst of a technical journal. 
All of which leads to an interesting 
correlation between material costs and re- 
tail prices, for, when du Poat cut its prices 
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n nylon yarn about 6% early last month, 
“the hosiery trade was quick to point out 
that .. . the cost of the yarn represents a 
very small part of manufacturers’ produc- 
tion costs—only a fraction of a cent on 
2 pair of hose. Other much more import- 
ant cost factors show no sign of tapering 
off. They include labor, finishing, spoilage, 
and amortization of machinery(7).” 


It is beside the point that nylon pro- 
duction is being increased considerably, 
also that the above quotation probably 
meant that it was the 6% reduction that 
represented only a fraction of a cent, not 
the total cost of the nylon per pair of 
stockings. What is important is the re- 
minder that reduced production prices of 
chemicals are not always passed on to the 
consumer of the ultimate finished product 
because they often represent only a small 
part of the retail price. On the other hand 
~-and refiners are intimately familiar with 
the merits of processes which save a few 
mills per gallon on millions of gallons— 
such reductions are highly important to 
quantity consumers and are “good busi- 
ness” in an industry in which there are 
competitors (silk and rayon). 


Chemical economics are not wholly fa- 
miliar to petroleum processors, although 
this situation is rapidly changing. While 
the retail price of gasoline, for example, 
is a several times multiple of refinery 
costs, because of taxes, transportation 
costs, and marketing costs, the margins in 
this mass production industry are small 
when compared with those industries 
which produce far lesser quantities—but 
at higher unit profits. Time does not per- 
mit consideratién of the countless other 
factors which pertain; all that need be 
noted here is that there is very little profit 
for the petroleum industry in a single pair 
of milady’s hose. 


Industrial Oxygen Is 
Attracting Increased Attention 


NDER the titles of “Oxygen—Past, 
Present, and Prospects”’(8) and 
“Oxygen Steps Into Star Role,”(®) two 
recent articles have served to augment 
February’s article) on this subject 
and to call attention to some of the 
salient facts about industrial oxygen, a 
‘hemical rapidly assuming major im- 
portance “in the oil and steel and per- 
haps the gas industry.” 


Unlike the customary 99.5% oxygen 
of commerce, “tonnage oxygen” will 
probably range from 90-95% in purity 
requirements. Absolute purity is not 
required in the Synthine process, for 


(7) Anon., Business Week, No. 918, 57 
1947), “Cheaper Nylons? Not Yet.” 

(8) Anon., Chemical Engineering 54, No. 1, 
23 (1947). 

(9) Anon., Business Week, No. 909, 72 
1947), 

(10) Anon., PETROLEUM PROCEssING 2, No. 
113 (1947), “Fischer-Tropsch Process (U. S. 


fodel) Is Means of Supplying Low-Cost 
<vgen.” 
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example—and it is here that this sub- 
stance may find considerable use, first 
for the preparation of synthesis gas by 
partial oxidation of natural gas (methane ) 
and ultimately (perhaps) for the syn- 
thesis of this gas from coal and lignite, 
possibly by continuous processes. 


In the iron and steel industry, the 
availability of cheap oxygen might make 
it possible to increase furnace capacities 
by 25% through use of oxygen instead 
of air to reduce the metal and oxidize 
purities. Using oxygen, it might even 
be possible to produce steel directly in 
the blast furnaces. The manufactured 
gas industry might also benefit from 
gas-making processes similar to those 
described above for Synthine synthesis 
gas. 


Wartime research in this country and 
the availability of German technical in- 
formation on oxygen separation processes 
are accountable for the new prospects 
for low-cost oxygen, formerly sold large- 
ly in cylinders or tank cars and seldom 
produced directly by the consumer. 
“Newly developed heat exchangers now 
cool air to the liquefaction point at much 
lower pressures. Another improvement 
simplifies the removal of unwanted water 
and carbon dioxide from the air. Turbo- 
compressors replace conventional piston- 
and-cylinder compressors in some mod- 
els.” (9) 


High-purity oxygen is currently avail- 
able for $3 to $20 per 1000 cubic feet, 
depending upon the quantity—and large- 
ly occasioned by the high purity require- 
ments, transportation costs, and technical 
services provided. No absolute figures 
are yet available for the new processes, 
although “tonnage oxygen users and pro- 
ducers are talking in terms of 10 cents 
or less per 1000 cubic feet.”(9) “One 
engineering firm (presumably Hlydro- 
carbon Research, Inc.) estimates ,4.8 
cents for 1000 cubic feet of 95% oxygen 
in a plant of 48,000,000 cubic feet per 
day capacity,(8) although this cost is 
undoudbtedly predicated on the use of 
heat from the exothermic Synthine syn- 
thesis process to supply steam to power 
the compressors. 


In addition to the oxygen industry’s 
“Big Three”’—Air Reduction Co., Linde 
Air Products Co., and Natural Cylinder 
Gas Co.—several companies familiar to 
the petroleum industry will probably 
be major competitors in the industrial 
oxygen field, “selling engineering serv- 
ice or oxygen generating units rather 
than oxygen itself.”(9) This group in- 
cludes the M. W. Kellogg Co.; the Elliot 
Co.; Arthur D. Little, Inc.; E. B. Badger 
& Sons; Independent Engineering Co.; 
Air Products, Inc.; etc. 


The petroleum industry will watch 
with interest further developments in 
the field of low-cost oxygen production. 
Use in the Synthine process would be 
reason enough for this attention, but 
potential applications in the manufac- 
tured gas industry (based on coal) are 


probably of equal significance, helping 
to assure, as they do, the semi-inexhausti- 
bility of the nation’s supply of gaseous 
fuels, natural and otherwise. 


Petroleum Company Road Tests 
Its Gasoline Indoors 


| has long been known in the petro- 
leum and automotive industries that, 
no matter how well developed the en- 
gine and technique, no laboratory test 
on a laboratory engine gives quite as 
satisfactory a gauge of gasoline quality 
as do tests in an automobile under actual 
driving conditions. For this reason, many 
petroleum companies operate fleets of 
cars thoroughly equipped with instru- 
ments designed to measure octane num- 
ber (by comparison with standard fuels), 
power, etc. 


“Excellent results are achieved under 
ideal conditions, but such are not always 
found on modern highways”’(11) be- 
cause of heavy traffic; variations in 
weather which invalidate comparisons; 
traffic noise; etc. 


To overcome these obstacles, yet still 
obtain road test data on its gasoline, 
the Gulf Research & Development Co. 
has recently constructed a “revolutionary 
road-test dynamometer which creates a 
highway within the laboratory.” A regu- 
larly equipped test car is driven onto the 
test floor of this mechanism; “its front 
wheels are fastened to prevent any for- 
ward motion, while the rear wheels rest 
on and turn the drums which gear into 
the massive mechanism below stairs. . . 


“Mileage and other pertinent test 
data are recorded on a huge instrument 
board outside the car. The rear wheels 
rotate heavy drums which gear into fly- 
wheels, electrically manipulated to simu- 
late various vehicle and passenger loads. 
A combination electrical motor and ab- 
sorbing unit creates artificial uphill and 
dcewnhill grades by speeding or retard- 
ing the drums, while a fan delivers air 
against the car at a velocity proportionate 
to its ‘speed,’ and an air conditioner 
supplies artificial (outside) temperatures. 
A siren warns of mechanical failures, 
and an outside scale indicates torque.” 


Dynamometer running hours are said 
to be nearly 100% productive; full at- 
tention can be devoted to the test as- 
pects of the job, dismissing all traffic 
responsibilities; the quiet of the labora- 
tory renders motor “ping” gauging of 
higher precision; and the mechanism 
does not have to be “laid up” when the 
weather is bad outdoors. 


A more technical description of this 
dynamometer will undoubtedly reveal 
more details as to its cost, results of its 
operations, and a more detailed appraisal 
of its future. 





(11) Anon., The Orange Disc, 7, No. 10, 12 
(1946), “Touring ‘The Great Indoors’.” 
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GAS TO BURN...but how? 


An open flare is one way to burn gas... but 
an expensive waste of natural resources, too. 
Yet billions of cubic feet of gas...“sour’”’ gas 
which has too much hydrogen sulphide to be 
commercially usable...are burned this way 
in this country every year. 

The FLUOR Glycol-Amine Gas Treating 
Process converts “sour” gas into a useful 
source of fuel by removing the excess hy- 
drogen sulphide to within pre-determined 
limits. Gas thus treated is guaranteed to 


meet the Bureau of Standards Lead Acetate 
Test, in accordance with Government Regu- 
lations. 

The cost of treating “sour” gas by the 
FLUOR Glycol-Amine Process is low 
enough to leave a comfortable margin of 
profit at lowest rates for bulk distribution. 

Owners and operators of gas producing 


_ properties will find it to their advantage to 


submit gas-treating problems of all kinds to 
FLUOR. 


FLU OR 6LYCOL-AMINE GAS TREATING PROCESS 


PATENTED 


THE FLUOR CORPORATION LTD., 2500 South Atlantic Boulevard, Los Angeles 22 
NEW YORK © PITTSBURGH © KANSAS CITY Bie vouston ° TULSA «© BOSTON 


PETROLEUM Processinc, April, 1947 
















PLANT PRACTICES 


More Floor Space and Simplified Piping 


Results from Mounting Pumps on Posts 


Agoee floor space and simplification 
of piping resulted from mounting 
on posts the pumps in the filter depart- 
ment of the lubricating oil plant at Con- 
tinental Oil Co.’s Ponca City refinery. 


The arrangement is shown in the ac- 
compariying photographs. These units, 
ranging in size up to 350 gpm for gear 
pumps and 500 gpm for centrifugal 
pumps, are mounted on pedestals built 
of scrap pipe. 

The posts are made from convenient 
lengths of 8 and 10 in. pipe, carrying 
a welded-on pedestal made from sheet 
steel, and set in a flange bolted to stud 
bolt projecting from the concrete floor. 

Connecting piping comes down from 
headers anchored off the floor, which 
permits elimination of a good many ells, 


tees, and other pipe fittings otherwise 
required in the case of conventional floor 
mountings. Power lines are carried in 
overhead conduits with leaders running 
down from the ceiling to each unit. 

The layout makes cleaning an easy 
task, There is also less chance of an 
employe coming in contact with the pump 
or drive through accident, and reduced 
possibility of damage to the pump from 
a heavy object being dropped on it 
or liquid spilling over it. 

There are probably many possible 
adaptations of this unique pump mount- 
ing method that could be used in the 
modern petroleum processing plant. Ex- 
perience of operating engineers has sub- 
stantiated the value of good layout plan- 
ning and clean surroundings in increas- 
ing efficiency. 








Above, Close-up view of scrap pipe 
pump mounting showing simple but 
rugged construction 


Good housekeeping is a simple and easy job in the pump room of Continental Oil's lube oil filter department 
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Thermocouple Actuates Waste Gas Torch 


Ignitor When Pilot Flame Fails 


By ALFRED KRIEG, Supervisor, Instrument Department 
Socony-Vacuum Oil Co., Inc., Paulsboro (N.J.) Refinery 
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Fig. 1—Automatic waste gas torch ignitor. When pilot flame goes out, ther- 
mocouple cools, actuating millivolt relay, and starting motor 


FAILURE of the pilot flame in a re- 

finery waste gas torch can be avoided 
by means of an_ electrically-operated 
safety device developed by Socony- 
Vacuum engineers. It consists of a thermo- 
couple arrangement automatically pro- 
viding spark at the burner. 

In many refineries it is customary to 
burn the excess or waste gas by means of 
a torch equipped with a gas pilot. In 
Socony-Vacuum’s Paulsboro refinery, the 
gas distribution system is designed so that 
more than 98% of the gas is utilized in 
the various furnaces and boilers through- 
out the refinery. The remaining 2% ex- 
cess or waste is spilled over to the torch. 
This spillover is controlled by means of 
a back pressure regulator, discharging gas 
in excess of 40 psig into the torch line. 

Line pressure between 35 and 40 psig 
is maintained in the gas manufacturing 
area with all gas being sent to various 
units in the yard when the pressure ex- 
ceeds 35 psig. In the event the manu- 
factured gas exceeds the amount which 
can be utilized in the yard, an increase 
in pressure above 40 psig results, with the 
gas spilling into the torch line through 
the regulator. 

It is standard practice to maintain a 
pilot flame at the torch at all times. A 
small pilot line, which bypasses the regu- 
lator, passes sufficient gas to maintain a 
continuous supply to the pilot flame. How- 
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ever, on occasions, the pilot flame may 
be extinguished because of weather con- 
ditions, etc. The method employed t 
ignite the flame in case of failure is shown 
in Fig. 1. 

The thermocouple with a protective 
tube or well is located in the gas burner 
at a point where the heat from the pilot 
flame will be projected on the couple. The 
thermocouple is connected directly to a 
millivolt relay which is in turn connected 
to a small motor of the telechron type. 
The motor, by means of a cam arrange- 
ment and mercury switch, energizes the 
primary circuit of the transformer. This in 
turn delivers 10,000 volts to the elec- 
trodes which creates the spark to re- 
ignite the pilot flame. 

In the event the pilot flame fails the 
thermocouple cools off, causing a reduc- 
tion in emf produced. When the emf is 
reduced to a certain point, the circuit in 
the millivolt relay is closed causing the 
motor cam arrangement to close the 
mercury switch and energize the primary 
element of the transformer. This ar- 
rangement is designed to make contacts 
for the 10,000-volt circuit at 15-second 
intervals so long as the millivolt relay 
circuit is closed. With this circuit open, 
the wiring is arranged to return the 
mercury switch to the off position. 

Since the electrodes are subjected to 
much corrosive action by the gas they 
must be made of metal such as stainless 
steel which will resist this action. There 
are four electrodes in the burner with 
two sets of each connected in parallel 
thereby minimizing the amount of wear 
and maintenance. 


Rigging Technique for Painters’ Stages 


Will Eliminate Swaying and Prevent Falls 


A STABILIZER for a painter’s stage 
which will prevent swaying, even 
in high winds, and prevent a dangerous 
fall in the event the stageline should 
break was the subject of a safety sug- 
gestion by a painter at the Baytown re- 
finery of Humble Oil & Refining Co. 

As shown in Fig. 2, the method em- 
ploys the use of an additional sling line 
around the base of a stack being painted. 
A safety line is rigged through a hole in 
the painter’s stage and attached by hooks 
to each of the sling lines around the 
stack. A ratchet on this safety line, 
attached close to the bottom sling line, 
adjusts tension on the safety line, thus 
preventing the stage from swinging to 
and fro either from movements of the 
workmen or from the wind. 

The ground crew need pay no atten- 
tion to the safety line except when mov- 
ing the stage, when it must be temporarily 
loosened to permit raising or lowering. 


Fig. 2—Safety line prevents swaying 


of stage, also stops fall in case regu- 
lar stageline should break 
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e » efe P - TCoi 
Pressure-Operated Switch Simplities wutidh sins en die dutienay te 


k of a loading rack pump and connected to 
: the pump motor has saved one oil com- 
Remote Control of Loading Rack Pumps oo ee Cae ee 
electrical equipment, conduits and the 
like, to the loading rack, 


Developed by Sinclair Refining Co. 
Inc., for use at the Toledo pipeline ter- 
a minal, the device will eventually be used 
SWIVEL ~ WITH in all Sinclair loading operations, both 
Meéecueay /NS/Dk. tank car and tank truck. It is said to be 
equally adaptable to pumping systems in 
refineries as well. 

A small diameter line is tapped into 
the 6-in. outlet pipe from the centrifugal 
pump, and a commercially available mer- 


coid switch placed at the end of the line, 
as shown at A in Fig. 3. 








BeASS~ MLESSURE 
EXPANSION JUBE. 


Ouzee Casine. 
a 


As long as the loading spout valve is 
closed, pressure in this line expands the 
J kixcraicas Conzacy brass tube B, forcing point C outward in 
7 wees Jo PUP SWITCH. the direction of the small arrow, and tilt- 





(WHEN mgECURY conrac7s ing mercury tube D in a clockwise direc- 
£ LLECTEICAL CHECUIT , . “ : 
Me F s7ors Pura) tion. This motion brings the mercury to 


the right end of the tube and closes con- 
tact E, so that electrical circuit through F 

stops the pump. 
When the loading valve is opened, the 
lar motion by Bourdon tube connec- fee Cuemereaw JO PRESSURE pressure inside tube B is relieved, point C 

A e . ene 
tion to switch controlling pump wail returns to its normal position, and the 
wii electrical circuit through F is broken, 
starting the pump. 

Development of the device started 
when, because of a rearrangement in pip- 
ing and manifolding, Sinclair was faced 

MERCOID SWITCH with cutting through 8 inches of concrete 
thickness of a large paved area to install 
conduit. Chief advantages include: (1) 
simplicity and positiveness of operation, 
" (2) minimum amount of moving parts, 
6 LINE TO and (3) elimination of the need for a 
TANK CAR LOADING maze of electric conduit, wire and control 
in buttons used in the case of remote control 

“ on electrical apparatus. 


Fig. 3—Operation of pressure-actu- 
ated mercury switch. Variations in 
line pressure are changed to angu- 







ELECTRICAL 
CONNECTION 
TO PUMP MOTORS 





IDEAS—Wanted! 


Plant operators, foremen, super- 
intendents!—send in your own 
original contributions on “how we 
do it around our refinery.” Pos- 
sible subjects could include operat- 
ing shortcuts, time and money-sav- 
ing gadgets, repair ideas, accident 
and fire prevention schemes. In- 
clude photographs, drawings, or 
graphs, if available. 

Material submitted for publica- 
tion exclusively in PETROLEUM 
ProcessiNc is paid for at the usual 
space rates. The idea is the thing 
—we'll dress up the drawings and 
the written information. Send your 
contributions to: 


Plant Practices Editor 
a EO a PETROLEUM PROCESSING 
1213 West Third St. 
Cleveland 13, Ohio 


Close-up of the switch installed on a loading rack pump manifold at Sinclair 
Refining Co.’s Toledo pipeline terminal 
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Mare than thirty years ago, in 


a small laboratory at Independence, 
Kansas, a group of UOP technol- 
ogists were working on what was 
to revolutionize the refining of 
crude oils. The result of their la- 
bors was the UOP Thermal Crack- 
ing (Dubbs) Process. ..a process 
that added a new chapter to the 
history of petroleum refining. 
From that day forward, UOP 
has maintained the leadership 
which they established with that 
momentous discovery. New proc- 
esses... new inventions... new 
developments ... have come out 
of the UOP laboratories during 
these fruitful years, makirg pos- 
sible the doubling of gasoline 
yield per barrel of crude and the 


continuing improvement of gas- 
oline to its present day quality. 
And hundreds of UOP units... 
comprising eleven different proc- 
esses or combinations of processes 
... have been installed in the 
United States and 27 foreign 
countries. 

Today, as always, UOP is dedi- 
cated to the further development 
of refining processes in an un- 
ceasing effort to provide even 
greater efficiency in gasoline pro- 
duction... higher product quality 
...and lower operating costs. 
And, as in the past, these new 
developments, as they are proved 
commercially practical, will be 
made available to refiners all 


over the world. 





UNIVERSAL OIL PRODUCTS COMPAHY 


General Offices: 310 S. MICHIGAN AVE. @ CHICAGO 4, ILLINOIS, U.S. A. 


LABORATORIES: RIVERSIDE, ILLINOIS 
UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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UTOPIA—100°% SAFE 





Electrical Division Contributes 
To Utopia’s Safety Record 


By FRANK J. SLUZE, Safety Director 
Ashland Oil & Refining Co. 


ONTINUING with our inspection of 
Utopia, the refinery of perfection, 
we find ourselves in the Electrical De- 
partment. On our first stop, we note that 
the electrical shop is of fire-resistant con- 
struction, and is situated in the adminis- 
tration area well away from the operating 
area. 

Over there a fellow is washing an 
electric motor about to be overhauled. 
We learn the liquid used is not gasoline 
but a high flash solvent—that’s fine! The 
foreman informed us that gasoline is 
forbidden as a cleaning solvent due to 
its being a fire hazard as well as a derma- 
titis risk. We can’t help noticing also 
that the solvent is kept in a safety can 
equipped with a closing spring and fusi- 
ble link which will close the lid auto- 
matically in the event of fire. 


Monorail for Heavy Objects 


Overhead is a monorail and traveling 
chain-hoist for handling heavy material 
—a good precaution against sprains, 
strains, and other injuries. 

The storage battery charging station 
is located in a small room off the main 
shop. It is well ventilated to carry off 
flammable gas generated during the charg- 
ing. 

Now we enter the room used for stor- 
ing “hot line” material. The room is 
dry and well ventilated to keep moisture 
to a minimum. Here we find rubber 
gloves, insulating sticks, rubber tubing, 
fuse pullers, rubber overshoes, and line- 
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Utopians always place a warning sign 
before working on electric equipment 
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man’s belts. Inquiring, we learn that 
the rubber gloves and lineman’s belts 
have all been tested to see that they are 
in good operating condition. 

Coming out of this small room into the 
main shop again, we notice a supply of 
padlocks and “Danger, Men Working 
on Line” signs used to prevent someone’s 
throwing in the power while another 
man is working on a line or equipment. 

Over on the wall is a framed list of 
instructions on how to administer artificial 
respiration. We learn that all electricians 
have been taught the different methods 
of performing artificial respiration as a 
part of their first aid course. 

Having finished our inspection of the 
shop, we are now on our way to the 
operating area. Notice that all wooden 
service poles have been replaced with 
metal ones—a good safety precaution. 


Wooden poles will furnish ready fuel 


and are more likely to fall than metal 
ones in case fire reaches them, and in 
falling, bring down the live power lines. 
Our inspection of explosion-proof lights 
shows them in good operating condition 
—outer globes in place—gaskets in place, 
conduits sealed, and lines well insulated. 


Motors Are Grounded 


Let’s go over and inspect that motor. 
Notice that it is properly grounded; also 
the plate on it shows that it is approved 
for Class I, Group D atmospheres and 
equipped with Class I, Group D starting 
switch. The foreman tells us an ex- 
plosion-proof motor is only explosion- 
proof when kept in the Original factory 
condition. Therefore, all electricians have 
been instructed to reassemble motors to 
exactly duplicate their original condition. 

There comes a workman carrying a 
portable electric drill—wonder if it is 
equipped with a ground wire. Examining 
it, we find that an extra wire has been 
attached to the housing of the drill, 
and the other end has a clip for attach- 
ing to a ground—no fear of an accidental 
shock while using this drill. 

Let’s examine the extension light cords 
—notice that the lights are explosion- 
proof and the cable is dry and free of 
bare spots, kinks, and taped joints. The 
plug is of explosion-proof design as is 
the wall receptacle. Note that the cable 
carries a third, or return, wire within the 
main covering. 

Journeying through the plant, we note 
that trees in the vicinity of the high ten- 
sion lines have been trimmed to keep 











An inspection of the activities of 
the electrical department in the 
mythical refinery of Utopia 
shows why complete safety is a 
goal possible for any petroleum 
processing plant. 





them away from the line a distance of 
at least ten feet. 

Over there we see a transformer sta- 
tion. Closer observation reveals that 
the station is fenced in, and the gate is 
locked. The key to this lock is in charge 
of the electrical foree. On all four sides 
we see a standard “Danger, High Volt- 
age” sign. We also notice carbon dioxide 
fire extinguishers hanging on brackets 
at convenient locations. 

Inspecting the loading rack railroad 
spur, we find that the rack, piping and 
loading spouts are grounded at required 
intervals. At the spur entrance the rail 
joints have been provided with insulating 
strips. This bonding and insulating elimi- 
nates any possibility of static electricity 
or stray current. 


Insulating Oil Is Tested 


Arriving at a switch panel, we learn 
from the electrician that the insulating 
oil used to immerse the electric arc has 
been tested and found to have a dielec- 
tric strength of greater voltage than that 
which will possibly prevail at any time. 
Examining service pole guys on high 
tension lines, we find that an insulator 
has been provided on each guy suffi- 
ciently high to provide ample clearance 
above ground and in no case less than 
8 feet. 

Discussing upkeep of explosion-proof 
motors with the Chief Electrician, we 
learn that all motors are taken into the 
shop at least once a year and reconditioned 
to assure them being in safe operating 
condition. 





In Utopia ALL electricians know the 
proper method of artificial respiration 
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AFTER RUNNING 
ON FUEL WITH NO 


SAME FUEL WITH 
PARADYNE FUEL 
Oe imPRover: 
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IMPROVER 


These 2 tubes 
tell the story... 








Two gallons of motor fuel were passed 
through each of these two glass manifolds 
connected to a test engine. One fuel was 
straight gasoline, the other was treated with 
Paradyne Fuel Improver. 

When your gasoline performs like that in 
the right hand tube . .. Paradyne-improved 
... you're well on your way to pleasing cus- 
tomers and building sales with a gasoline 
that helps keep harmful gum deposits to a 
very minimum! 

Write for Technical Bulletin No. 101 for 
complete information on Paradyne Fuel 
Improver. 


(Vertical glass manifolds, operated at 150 deg. 
F. mixture temperature, show effect of PARADYNE 
FUEL IMPROVER on deposits.) 


~PARRAIMINS sr 








ADDITIVES WITH A BACKGROUND PARAMINS INCLUDE: PARATONE —for improved viscosity index. 


PARAFLOW —for lower stable pour. 

PARATAC —for tacky oils and greases. 

PARAPOID —for E.P. gear oils. 

PARANOX —for inhibiting corrosion and oxidaticn. 
PARASHEEN—/for better appearance. 


EN J AY COMPANY INC PARADYNE —for improved gasoline. 
7 ° *Trade Mark 
‘formerly Chemical Products Delpt., Stanco Distributors, Inc.) 26 Broadway, New York 4, New York; Agents and Distributors Around the World 
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Patent Trends in Petroleum Refining 


By Peter J. Gaylor 


Patent Attorney and Editor “The Technical Survey” 








Developments disclosed in the patents reviewed below include: 


Sulfuric acid alkylation improved by oxy acids of phosphorus. 


Tin tetrachloride promotes conversion of hydrocarbons to aromatics. 


Replace expensive alloy tube sheets with refractory supports. 


Sulfuric Acid Alkylation 


N SULFURIC acid alkylation, an 

acid concentration of 90-100% is 
generally employed, with temperature at 
14°-86° F. Practical experience has 
shown that when the acid concentration 
is below 95% H,SO, (i.e. the acid con- 
tains over 5% water), the alkylation 
effected is less desirable than when acid 
of 95-100% H,SO, is used. But, in 
this higher concentration range, the 
acid oxidizes and polymerizes a portion of 
the reactants to terpene-like resinous 
materials which accumulate in the acid 
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and ultimately render it jnactive as a 
catalyst for further alkylation. 

When 100% sulfuric acid is diluted 
with as much as 10% water, its ability 
to catalyze alkylation is substantially im- 
paired, presumably because of formation 
by the acid molecules of stable hydrates 
which are incapable of activating the 
alkylation reactants. 


In its U. S. 2,413,777, California Re- 
search Corp, discloses that when con- 
centrated sulfuric acid is compounded 
with and diluted by the organic com- 
pounds of the oxy acids of phosphorous, 
the tendency of the acid to produce un- 
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WEIGHT PERCENT~MONO-BUTYL PYROPHOSPHORIC ACID 


Fig. 1—Effect on octane and bromine number of aviation gasoline by addition of 
mono-butyl pyrophosphoric acid to sulfuric acid alkylation catalyst (U. S. 2.413.777) 
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desirable oxidation and polymerization 
of the reacting hydrocarbons may be 
reduced materially, while its ability to 
promote the alkylation reaction remains 
substantially unimpaired. 


These compounds resemble sulfuric 
acid and have as their characteristic or 
central atom, the acid-forming element 
phosphorous. A substantial increase in 
the active life of the catalyst and an ex- 
tension of the temperature range in which 
it is active without serious attack on 
the hydrocarbon constituents of the re- 
action are additional advantages. 


As can be seen from Fig. 1, the octane 
number of the product increases in con- 
centration of butyl pyrophosphoric acid 
in sulfuric acid up to a maximum at 
about 10-15 wt. % of butyl pyrophos- 
phoric acid, beyond which octane num- 
ber begins to drop and bromine num- 
ber rises sharply. 


Aromatics from Methane 


HE CONVERSION of methane to 

useful prcducts has been a peren- 
nial problem, with nothing yet, outside 
of the Fischer Synthesis, to offer hope 
to the gas owner. Many a project of 
a chemical nature began with methane as 
a seriously selected raw material, and 
ended up with propane and _ butane, 
which. still have only fuel value and are 
much more reactive. 


Socony-Vacuum Oil Co. has obtained 
U, S. Patent 2,396,697 describing the 
conversion of normally gaseous hydro- 
carbons into arcmatics by means of a 
promoted high temperature reaction. The 
best promoter, tin tetrachloride, enters 
the reaction, as follws: 


6CH, + 9SnCl,—> 
C,H, + 9SnCl, + 18HCl 


The tin compound is reduced during 
the aromatization which takes place at 
600-1200° C. 


It is important to note that, for the 
first time, production of substantial 
amounts of benzene have been obtained 
from methane at temperatures below 
1000° C. 


The amount of induced decomposition, 
relative to the amount of the direct re- 
action of methane with the metal halide 
is greater the higher the temperature and 
the higher the ratio of methane to metal 
halide used. When a methane-mercuric 
chloride mixture containing 15 mol-% 
of mercuric chloride was pyrclyzed, the 
outer periphery of the tube being 925° 
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You don’t have to be an Isaac Walton to 
know what’s wrong with these fishing 
pictures. Silly misapplications of equip- 
ment, aren’t they? But no sillier than using 
valves in services for which they were not 
specifically designed. 


Through more than a hundred years of 
making valves—and valves only—Powell 
Engineers have been designing the right 
valves to suit the specific requirements of 
every existing industrial flow control 
service. Today, the Powell Line includes 
Bronze, Iron and Steel Valves of every 
necessary type, design, size and pressure. 
And, for corrosion resistance, Powell makes 
a notably complete line in the widest range 
of pure metals and special alloys ever used 
in making valves. 











Small size 150-pound Iron Body Bronze 


That’s why, for assured performance, Mounted “‘Irenew” Globe Valve for 
: steam, oil, water or gas. For assured, 
it pays to consult Powell. long-life performance, it has regrind- 


able, renewable wear - resisting 
‘‘Powellium’”’ nickel-bronze seat and 
disc. 


Class 300-pound Cast Alloy Steel Gate 
Valve built to meet special require- 


ments and to handle high temperatures. 

The Wm. Powell Co. Has 12” port size venturied to 20” size 
. . s end flanges to accommodate insulated 
Cincinnati 22, Ohio pipe. A top-mounted, fully enclosed, 
explosion-proof electric motor operator 


DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES provides quick, positive opening and 


closing by remote control. 
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Between 1941 and 1945 the American Petro- 
leum Industry performed one of the greatest 
industrial miracles of all time. As the world 
knows, it was the quantity production of 100- 
octane gasoline. Production rocketed from a 
bare 40,000 barrels daily in 1941 to over 


500,000 barrels daily. Even the rating 100- 


octane was left behind. 
Today the world is waiting for other mira- 
cles from petroleum, products that will serve 


AMONG THE MANY AMERICAN METER COMPANY PRODUCTS 


FOR APPLICATION IN THE PETROLEUM AND 
CHEMICAL INDUSTRY ARE 


ORIFICE METER AND FLOWMETERS — Indicating, Recording 


and Integrating types. 


FNS: 











a world of peace. Many are already in the mak- 
ing in research laboratories. And in the new 
processes American meters will play a depend- 
able part as they do in so many producing and 
refining processes today. American Meter 
research, backed by 109 years of meter experi- 
ence, stands ready to meet the exacting 
requirements of the petroleum and chemical 
industries for the measurement, control and 
analysis of gases and liquids. 










RECORDERS AND CONTROLLERS — With pneumatic trans- 
mission. Developed for the improved transmission, record- 
ing and control of pressures, liquid levels and flow rates. 
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Patent Trends in Petroleum Refining 








TABLE 1—Benzene Yields from Methane Using Various Halide Promoters 


Methane rate, Percent Reaction 

liter/hr. catalyst time, secs. 
15.0 None 120 
13.5 3% SnCl, 69 
60.0 21% SnCl, 25 
21.4 PbCl,™ 63 
11.8 PbCl, 76 
10.0 20% HegCl, 113 


Mol 
percent light 
Temp., Total pres. oil (mainly 
°C. Atmospheres benzene) 
890 1 Trace 

876 1 5.5 
925 1 7.5 
925 1 3.1 
923 1 4.6 
775 1 6.9 


“PbCl, was used in the form of a liquid bath containing an excess of PbCl and the methane 


was bubbled through the bath. 


When liquid halides which are non-volatile under the operating conditions are used, it is often 
desirable to employ a large excess of the halide in the form of a liquid bath as was done with 


PbCl, above. 


In this way the excess halide not reduced, as well as the liquid reduction product, 


may serve as a direct heat exchange medium for the hydrocarbons. 





C., and the rate being sufficient to 
cause complete reduction of the halide 
to hydrogen chloride, the ratio of induced 
to non-induced reaction was 1:3. Lower 
halide concentrations increased the ratio, 
so the preferred concentration of the pro- 
moter is below 10%. 

Table 1 shows some data cited which 
give the yield of light cil (mainly ben- 
zene) obtained when various halide pro- 
moters are employed. It would seem that, 
for commercial success, the process 
should be accompanied by cheap metal 
recovery and halide reconversion. 


Header Supports for Furnaces 


T HAS been common practice in con- 

structing tube chambers in furnaces, 
particularly jn the radiant section, to 
support the sets or banks of tubes and 
the individual tubes of the sets or banks 
by tube sheets and intermediate hangers 
expcsed to the effects of heat and gases 
in the combustion chamber. These tube 
sheets and hangers had to be construc- 
ted of expensive special alloys to enable 
them to resist the heat and corrosion 
encountered. By eliminating the use of 
end allcy tube sheets protecting the 
header boxes, header box supports and 
supporting the tubes, a large part of this 
cost would be avoided. 

In its U. S. 2,412,568, Standard Oil 
Development Co, provides a construc- 
tional arrangement in the radiant secticn 
whereby the tubes are supported at their 
ends. in such a way that the relatively 
expensive alloy tube sheets are replaced 
by less expensive refractory and the re- 
turn headers are shielded from the direct 
Leat of the furnace and are protected 
from the action of the flue gases. Also, 
the supports are so arranged that the 
tube headers, supports, chamber wall, 
etc. may move relative to one another 
when expanding or contracting, without 
strains or stress leading to deterioration 
and breakdown. 

As can be seen from Fig. 2, the portion 
of the furnace structure chosen for il- 
lustration comprises side wall 1, end 
walls 2 and 3, and roof 4 forming the 
usual combustion section of a furnace. 
Disposed across the combustion space 
are roof tubes 5 which terminate in the 
customary type of return headers 6. 
These return headers are enclosed in a 
housing 7 provided with hinged doors 
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8 which permit ready access to the 
fittings, header boxes, and the like. 

This housing may be attached to the 
furnace in any suitable manner; fcr 
example, jt may be attached to the fur- 
nace wall by means of supporting I- 
beams 9 and brackets 10. That portion of 
the housing nearest the furnace interior 
is constructed of a suitable refractory 
material forming wall 11 which serves 
to screen the hcusing, the headers, and 
other fittings contained therein from 
the effects of the radiant heat of the 
furnace and from the combustion gases. 


This wall is preferably supported on 
top of the usual furnace wall 3 and is 
connected to the roof 4 through I-beam 
12, although it may be simply a con- 
tinuation of wall 3. The wall 11 may 
also be additionally suported by means 
of steel plate 13. 


Where tubes 5 pierce through wall 12, 





the opening between the tubes and the re 
fractory brick may be sealed in an 
desirable manner as by asbestoes rop: 
packing 14. 

The tube headers may be supported ir 
the hcusing by resting them on rollers 
15 which are in turn supported by angle 
iron supports 16 resting on I-beam 17, 
or they may be supported in any other 
desirable manner, such as by U-bolts ox 
]-bolts, so that the headers are free to 
expand or ccntract with the tubes in 
accordance with the change in tempera- 
ture and conditions in the combustion 
zone of the furnace. 


Selected Patents of the Month 


U.S. 2,413,184 (Porocel Corp.)—Metal alumi- 
nate adsorbents. 
U.S. 2,413,185 (Porocel Corp.) — Removing 


volatile metal halides from fluids. 

U.S. 2,413,188 (Standard Oil—Ohio) — Lubri- 
cant for maintaining desirable body and 
clean metal surfaces under heat and drastic 
usage. 

U.S. 2,413,199 (Atlantic Refining)—Sulfonates. 
U.S. 2,413,205 (Phillips Petroleum)—Dehydra- 
tion of hydro-halogen acid by distillation. 
U.S. 2,413,245 (Union Oil)—Azeotropic  dis- 

tillation of toluene. 

U.S. 2,413,262 (Union Oil)—High compression 
motor fuel containing isooctane and aromatic 
amine. 

U.S, 2,413,271 (Texas) — Catalytic 

U.S. 2,413,278 (Amer. Petroleum 
Bacteriological process for 
bearing earth formations. 

U.S, 2,413,310 (Universal Oil Products)—Re- 
covering hydrocarbons from sludge. 

U.S. 2,413,311 (Standard Oil Development)— 
Purifying acid treated (white) oil. 

U.S. 2,413,312 (Shell Dev.)—Catalytic Finish- 
ing of gasolines. 


conversion. 
Institute)— 
treating fluid- 





Fig. 2—Return header support for furnaces eliminating expensive alloy 
tube sheet (U. S. 2,412,568) 
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you can depend upon 
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STORAGE 
TANKS 


. 


also 
vessels, steel and 


alloy plate work 


HAMMOND 


HAMMOND designs, tabricates and erects tanks of all types for 
IRON WORKS liquid and dry storage ... above or below ground ... high or low 
pressure ...cone roof... HAMMOND SPHERE ... floating roof... 
VAPOR-LIFT ... spheroid ...GLOBE ROOF PRESSURE ... gas holder... 
also stainless and stainless-clad vessels of all types and designs 
for the petro-chemical industries, 


Warren, Pa. 


NEW YORK ® BOSTON ® PITTSBURGH ® AKRON 
OETROIT @ CLEVELAND ® CINCINNATI @ RICHMOND 
CHICAGO © ARGENTINA; “‘TIPSA”’, BUENOS AIRES 
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“QUIPMENT PATENT REVIEW 





Light Weight Waste Heat Boiler 
ls Economical for “Cat” Crackers 


In addition to the light weight waste heat boiler used on Catalytic 
crackers described below, this month’s review of new and improved devices 
used in petroleum processing and handling operations on which patents 


have recently been issued include: 


® A catalyst flow method by inbending slots on trough 


® Tank vent that combines mechanical and liquid seals 


® Airplane crash fire fighter adaptable to running oil fires 


® Oil drum unloading device for one-man operation 


A WasTE HEAT economizer, designed 
with fin type tubes, is claimed to be par- 
ticularly adaptable for use on catalytic 
cracking units, where its light weight 
would reduce substantially the amount of 
supporting steel structure normally re- 
quired. 

The unit is said to have a heat exchange 
surface with approximately 6 times the 
capacity of bare tubes without the ex- 
tended surface. This gives efficient duty 
with a small number of tubes, effecting 












































Fig. 1—Light weight waste heat econo- 
mizer (U. S. 2,416,273) utilizes extended 
surface tubes of the fin type to reduce 
‘he number of tubes required and the 
weight of the unit itself 


‘ETROLEUM Processinc, April, 1947 


substantial economies in both size and 
weight of the unit. 

For example, it is said that an econo- 
mizer having 20 extended surface tubes 
will deliver the service of about 100 bare 
tube heating elements, and the weight of 
the bare tube type unit would be 4 times 
as great. In addition, the arrangement of 
the heating space and the tubes, with no 
baffles, produces a minimum pressure 
drop between inlet and outlet ports and a 
corresponding minimum back pressure to 
the passage of heating gases. 

One modification in the design of the 
invention is shown in Fig. 1. Flue gases 
enter at 11 and leave at 27. Tubular ele- 
ments are indicated generally at 22a, 22b, 
and 22c, Sections 22a and 22b are bare 
tube surfaces and are designed in that 
way so as to obtain more even distribution 
of the gases over the exchanger surface 
and better heat distribution. Types of sur- 
face other than fins may be used, such as 
spiral fins or pin type. 

A hinged cover 17 is included to permit 
easy and rapid removal of tubes for re- 
pairs or cleaning. 

U. S. 2,416,273, issued Feb. 18, 1947, 
to John S. Wallis and John W. Throck- 
morton, assignors to Petro Chem Process 
Co., Inc. 





Catalyst Flow Is Improved 
By Inbent Slots on Troughs 


IMPROVED FLOW of catalyst in a moving 
bed catalytic cracking unit is said to re- 
sult from the proper design of inverted 
troughs at inlet and outlet orifices on 
vapor tubes. The improved flow increases 
the active catalyst capacity of the unit. 

A front and an end view of the trough 
is shown in Fig. 2. The vapor tube is in- 
dicated by 15, orifice by 17, and trough 
by 16. In addition to flow area for gases 
under the open bottom of the trough, slots 
are provided, as at 21, by depressing in- 
wardly a portion of the sidewall, 20. 

The width of this slit may be varied. 
In troughs with steeply sloping sidewalls, 
the opening may be much greater than 


the particle diameter without danger of 
passage of catalyst. 

The inbent feature is of paramount im- 
portance, it is said. Experimental observa- 
tions of flow of solid particle-form catalyst 
over both inbent and outbent slots have 
shown clearly a contrast, as indicated in 
Fig. 3 at A and B. 

At A, there is shown an area 23, above 
the outbent slot 24, where a very serious 
collection of “dead” or non-flowing cata- 
lyst exists, almost regardless of the form 
or positioning of the shoulder 25. On the 
other hand, the inbent type of slot shown 
at B not only presents no restrictive 
shoulder, but has been found by observa- 
tion to present no dead area of non-flow. 

U, S. 2,416,165, issued Feb. 18, 1947, 
to Louis P. Evans, assignor to Socony- 
Vacuum Oil Co. Inc. . 





Improved Tank Vent Combines 
Mechanical and Liquid Seals 


A LIQUID SEAL and a mechanical valve are 
combined to provide an improved type of 
storage tank vent for relieving excessive 
pressures or vacuums. , 

Because a liquid seal is most effective 
in keeping a vent opening vapor-tight and 
a mechanical seal is most effective during 
periods of vapor release, the two types are 




















Fig. 2—Improved inverted trough for 
vapor tubes in moving bed catalytic 
cracking unit (U. S. 2,416,165). Vapors 
flow under trough and also through 
inbent slots in trough side walls 
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Fig. 3—Comparison of flow through two 
types of slots. Dead spaces of non- or 
slow-flow occur with outbent type slot 
as shown at A, while catalyst flows 
freely with inbent slot as at B 
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combined in a single unit, mounted on a 
tee-fitting on the storage tank vent pipe. 

Previous designs of pressure-vacuum 
valves, it is pointed out, have generally 
been of either of the two types, liquid or 
mechanical. The liquid seal is ideal be- 
cause liquid readily takes the shape of 
its container. However, liquid is easily 
separated and broken into droplets when 
air or vapor is bubbled through it. This 
is the chief objection since the liquid 
tends to be carried away by the escaping 
vapors, In addition, the density of the 
sealing liquid changes due to gaseous in- 
clusions. 

A mechanical valve is said to be ideal 
under releasing conditions because its 
specific gravity is constant and there is 
no tendency for rarticles to be picked up 
by vapors. 

U. S. 2,413,804, issued Jan. 7, 1947, 
to Reign C. Ulm, assignor to Graver Tank 
& Mfg. Co., Inc. 





Airplane Crash Fire Fighter Is 
Adaptable to Running Oil Fires 


DesicNep primarily for fighting airplane 
crash fires but said to be equally adapt- 
able to gasoline or oil tank fires or running 
ground fires, a new extinguishing device 
combines carbon dioxide and foam in a 
single discharge. 

The chief advantage is that reignition 
of combustible liquids is prevented by the 
foam, while safe areas for maneuvering 
are quickly produced by the relatively 
rapid action of the CO,. 

A mobile type unit, mounted on the 
front end of a truck, is shown in Fig. 4. 
CO,, either low or high pressure, passes 
through pipes 11 and 12 to discharge 
pipes running lengthwise in nozzle 9. The 
nozzle is designed to produce a stream 
of combined snow and vapor with the 
snow forming the central portion of the 
stream and the vapor the outer edges. 
This type of stream has been found ex- 
tremely effective in combatting outdcor 
fires in high winds. 

Conventional aspirators at 23 form 
mechanical foam from the supply line 21. 
The foam is discharged via pipes 10 into 





Oil Drum Unloading Device 
Makes It a One-Man Job 


Ou pruMs can be unloaded by a single 
operator from trucks, freight cars or other 
raised platforms to the ground with a 
specially-designed locking device mounted 
on a skid. 

The unloader is shown in general view 
in Fig. 5, placed for use at the tail gate 
of a truck, 

However, it may be used similarly at 
the side-door of a box car or at a freight 
loading dock. Designed for quick hand- 
ling of drums in war time, it is equally 
adaptable to plant operations in peace 
time. 

A detailed view of the sliding drum 
carriage is shown in Fig. 6. In operation, 
the drum is rolled from the truck floor up 
the incline 13 into position on the car- 
riage. It rests against board 30 and on 
the upper half of the pipe framework 48, 
which is mounted so as to rock on hinge 
51. 

Board 40 of the carriage extends under 
slide board 12 of the skid so as to keep 
the carriage in place but free to move up 
or down the skid. The workman con- 
trols the motion of the drum on the car- 
riage by means of applying varying de- 
grees of tension on the cable 54, which is 
attached to the carriage at 53. 

When the carriage reaches the ground 
level, the board 35 strikes a chock on the 
‘slide 12, jolting the drum over the support 
board 80 when the operator releases ten- 
sion on cable 54. 

U. S. 2,414,447, issued Jan. 21, 1947. 
to Paul J. Cargile, United States Navy. 


Fig. 5—Oil drum unloading device 

which permits one man to transfer 

drums from raised platforms to the 

ground (U. S. 2,414,447). Carriage 11 

is firmly secured to skid 12, although 
free to slide up or down 


Fig. 6—Detailed view of slidable car- 

riage on drum unloading device (U. S. 

2,414,447). Drum rests against board 

30 and on tiltable framework 48 while 
sliding down skid 12 





the core of the CO, stream so that it in- 
termixes thoroughly with the gas and 
snow. Chemical type foam nozzles may be 
substituted for the aspirators if desired. 

Separate control valves on the supply 
lines for each extinguishing agent pro- 
vide facilities for fighting a wide variety 
of fires. All CO, and no foam, through 
various proportions of the two components, 
to all foam and no CO, are obtainable 
with the unit. 


As an example of the capacity cf the 

















apparatus, it is said that ground coverage 
of about 10 ft. wide by 30 to 40 ft. long 
can be attained under the following 
specifications: 

1. Apparatus is about 3 ft. above the 
ground. 

2. CO, discharge nozzle is inclined 23° 
toward, and foam guns are inclined 3° 
from the ground level. 

3. CO, nozzle measures about 7 ft. 
long and 8 in. deep. 

4. CO, discharge rate at nozzle is 1200 
Ibs. /min. 

5. Discharge capacity of the four foam 
guns is about 100 gals./min. 

6. The liquid CO, is maintained at its 
source at 300 psi. 

7. Foam solution is delivered to guns at 
90 to 120 psi. 

U. S. 2,414,683, issued Jan. 21, 1947, 
to Hilding V. Williamson, assignor to 
Cardox Corp. 


Fig. 4—Fire-fighting apparatus which 
discharges combined stream of carbon 
dioxide and foam (U. S. 2,414,683). 
Foam blanket prevents reignition of 
running ground fire first quickly ex- 
tinguished by carbon dioxide 
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new Lummus Wy) )itrep rey 


contains 64 pages 

of timely, authoritative information 
for petroleum refiners — 

and chemical manufacturers 


With text, data, photographs, and 22 flow 
diagrams, this tenth refinery publication of 
The Lummus Company describes the latest 
processes and plants for the manufacture of 
gasoline —lube oils and waxes—petroleum 
chemicals. It defines Lummus services, facilities, 
and world-wide experience in design, 
construction, and supervision of petroleum and 


chemical plants. 


THE LUMMUS COMPANY 
420 Lexington Avenue, New York 17, N. Y. 


Peo. al PROCESSES /ANp ALA 


CHICAGO —600 South Michigan Avenue, Chicago 5, Ill. 
HOUSTON —Mellie Esperson Bldg., Houston 2, Texas 
LONDON —78 Mount Street, London, W. 1, England 


‘ 


Copies of ‘’Petroleum Refining Processes’’ will be sent upon request 








COMBATTING CORROSION 





Remedies Studied for Freakish Corrosion 
Occurring in Some Condensate Fields 


By D. P. THORNTON, Jr. 


Assistant Editor 
PETROLEUM PROCESSING 


Three years’ study of the cause of the spotty attacks corrosion ex- 
perienced in gas-condensate fields indicates that lower fatty acids found in 
well fluids in minute concentrations is a principal promoting agent. Various 
types of chemical inhibitors are being tried with varying degrees of relief, 
emphasizing the capricious nature of this type of corrosion. Plastics or other 


forms of coating for tubing and other equipment are being tried out. The 


directly with changes in amount of 
corrosion, 

5—The corrosive agents are carbon 
dioxide and water, probably catalyzed by 
trace amounts of fatty acids naturally 
present in well fluids. However, the 
presence of one or all these chemicals is 
no indication that the field is or will 
become corrosive. 

6—Natural inhibitors can and do 
exist. 

7—Certain chemicals injected into the 
well possess inhibiting power under some 
conditions. Others may plug flow strings 
or are objectionable in plant processing 


and marketing of the distillate product. 


investigating work sponso : + age . | 
gating ponsored by the Natural Gasoline Association is to ths le Cn oe 


continue. 





> mystery cf the corrosion of 
equipment which takes place in 
certain gas-condensate wells is begin- 
ning to yield some of its secrets after 
nearly three years’ investigation by the 
Natural Gasoline Association of America. 

Tubing, casing, wellhead connections 
and flow lines were being rapidly des- 
troyed by an unknown corrosive agent 
in some wells, while other nearby wells 
producing from the same formation were 
untouched, The task of determining 
the causes of this highly selective form 
of corrcsion was entrusted April 12, 
1944 to the NGAA’s Corrosion Re- 
search Project Committee. It was also to 
discover if there was potential or actual 
corrosion damage occurring in cycling 
plants handling distillate from the cor- 
rosive wells. 


NGAA Corrosion Research Project Group 


The Steering Committee for the research program on corrosion of equip- 
ment in gas-condensate wells sponsored by the Natural Gasoline Associa- 
tion of America consists of the following group from the general NGAA 
Corrosion Research Project Committee: 


T. S. Bacon, Lone Star Producing Co., 
Dallas; Chairman and General 
Chairman of the Project Committee. Co., Shreveport, Chairman 

J. M. Dillon, Jr., Shell Oil Co., Dr. W. Z. Bruce, Carter Oil Co., 
Houston. Tulsa. 

C. F. Bedford, Stanolind Oil & Gas CC. K, Eilerts, U.S. Bureau of Mines, 
Co., Houston. Bartlesville, Okla. 

M. E. Holmberg, Phillips Petroleum Paul Menaul, Stanolind Oil & Gas Co., 
Co., Bartlesville, Okla. Tulsa. 

W. H. Justice, Tide Water Associated Dr. D. A. Shock, University of Texas, 
Oil Co., Houston. Austin. 


Chemical Advisory Comm‘ttee: 
E. C. Greco, United Gas Pipe Line 


Oil Companies Finance Study 





The NGAA committee is composed 
of technical representatives of 26 oil 
companies who are financing the corrosion 
study. It also has the cooperation of 
special groups from the American Petro- 
leum Institute and the National Asscoci- - . 
ation of Corrosion Engineers. The work Arkansas Louisian. Gas Co. 
done to date on the project indicates Carter Oil Co. 
that: The Chicago Corp. 

Continental Oil Co. 
Cotton Valley Operators Committee 
on Distillate Production 


Following are the companies contributing to the corrosion research program 
from whom a personnel of about 75 are active in the program: 


J. S. Abercrombie Co. 
Arkansas Fuel Oil Co. 


Phillips Petroleum Co. 
Shamrock Oil & Gas Corp. 
Shell Oil Co., Inc. 

Standard Oil Co. of California 
Stanolind Oil & Gas Co. 
Sun Oil Co. 

Superior Oil Co. 

The Texas Co. 

Tide Water Associated Oil Co. 
Union Producing Co. 


1—At least one cycling plant has been 
attacked by the same form of corrosion 
that occurs in the gas-condensate wells. 
2—The majority of distillate formations Gulf Oil Corp. 
are corrosive and the balance potentially Gulf Plains Corp. 
so. Humble Oil & Refining Co. 
3—New distillate fields likely will be La Gloria Corp. 


Also cooperating with research: 


Chemistry Department, University of 


corrosive, or will become corrosive in Lone Star Producing Co. Texas. 
later life, especially if cycled. Magnoha Petroleum Co. Bartlesville, Okla. Station, U.S. Bureau 
4—tThe iron content of well fluids is Ohio Oil Co. of Mines, 


not a direct means of judging the ex- 
tent of corrosion; fluctuations correlate 
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PLANT AT 
PHILADELPHIA, PA 
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ELYRIA, OHIO 
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PLANT AT 


EL SEGUNDO, CALIF Losin When you buy Harshaw prod- 


ucts, you have comfortable 
assurance of continued supplies, good 


prices, and adequate service. Four plants, 





located strategically with respect to raw 





HARSHAW FLUORIDE materials, labor supplies, shipping facilities, ‘ 


PRODUCTS 


Acid Fluoboric 

Acid Hydrofivoric, Anhydrous 

Acid Hydrofivoric, Aqueous 

Acid Hydrofivosilicic 

Ammonium Bifivoride 

Ammonium Fivoborate 

Antimony Trifivoride 

Barium Fluoride 

Bismuth Fluoride 

Boron Trifluoride 

Calcium Fluoride 

Chromium Fluoride 

Cobalt Fluoride 

Cryolite 

Lead Fluoborate 

Lithium Fluoride, Synthetic 
Optical Crystals 

Magnesium Fluoride 

Magnesium Silicofivoride 

Nickel Fluoride 

Potassium Bifluoride 

Potassium Fiuoborate 

Potassium Fluoride 

Sodium Bifivoride 


=a THE HARSHAW CHEMICAL co. 


Sodium Silicofuoride 1945 East 97th Street, Cleveland 6, Ohio 


Zinc Fluoride 


Zinc Silicoftvoride BRANCHES IN PRINCIPAL CITIES 





and markets, meet your requirements with 


maximum efficiency. The facilities of these 





plants are augmented by production from 
six affiliate plants, and by warehouse stocks of 


our nine sales offices located in principal cities. 


Order from Harshaw with confidence. 
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condensate wells is by no means solved 
and the NGAA Committee’s intensive in- 
vestigation continues, supplemented by 
private work of individual oil companies, 

The exact nature of the promoting 
fatty acids and the full mechanism of 
the corrosion reaction have not been ex- 
plained, neither have the natural in- 
hibitors been fully identified. In at least 
cne case hydrogen sulfide has been in- 
volved as a corrosive agent but its 
presence in most cther cases, as well as 
that of oxygen, has been definitely ruled 
out. A question of metallurgy also is 
involved. Many alloys have proved use- 
less as a corrosion preventive, or nearly 
so, while others show promise. 


Committee Spends $41,000 


Approximately $41,000 has been spent 
by the NGAA Committee so far in the 
work, which does not include that of 
privately-financed investigations. In the 
Katy Field, near Houston, alone the 
average annual loss due to this form of 
corrosion is estimated in excess of 
$200,000, and the corrosion bill at 
Cotton Valley is placed at 47c per 
million cubic feet of gas. 

Some of the additional drilling pro- 
grams, necessitated to re-complete wells 
in corrosive fields, may cost more than 
$1,000,000 per field, at the rate of 
$150,000 upwards for the average 10,- 
000-ft. well. To this can be added the 
bill for frequent reworking of wells, and 
tor bad luck with fishing jobs, damage 
tc casing and possible damage to the 
formation from mud and water. 

The corrosion attack in the gas-con- 
nsate wells has been almost capricious 


Gs 
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Fig. 1—Appearance of distillate well 
tubing exhibiting “ringworm” corrosion 
end photomicrographs of various sec- 
tions showing grain structure. In this 
case corrosion was exhibited near the 
end of the tubing and extended over 
the entire circumference. The tubing 
was not normalized after upseiting 


in its variegated aspects. There is no 
way of forseeing where cr when it will 
attack or what forms will be exhibited. 
Among reported attacks are the fol- 
lowing random examples: Of two wells 
in the same formation, perhaps side by 
side, one will be severely attacked and 
the other untouched. A distillate field 
several years old and with no evidence of 
trouble suddenly became corrosive in 
certain parts when cycled gas reached the 
producing wells. Tubing may be uniform- 
ly corroded over its entire 10,000 ft. 
length, or pitted severely only at joints. 
Corrosion may extend only to 5000 ft. 
or attack may appear only below the 
5000-ft. level. Some joints may be 
severely damaged, intervening joints un- 
touched. In still other cases the action 
may take peculiar shapes, often almost 
perfectly shaped rings around the tub- 
ing wall, eating out long longitudinal 
valleys or forming small continuous cuts 
having a worm-eaten appearance, see 
Fig. 1. 

Extreme cases of corrosion have fre- 
quently been found in meter runs and 
flow lines. The well choke often may be 
attacked most severely of all, probably 
a combination of corrosion and erosion. 
The flow line may not be attacked near 
the well, but corrosion may show up 


perhaps a half mile away. An instance of 
this kind is shown in Fig. 2. Metallic 
ring gaskets, pipe nipples and valve 
trim on Christmas trees have been 
severely damaged in a short time. 


In some wells the tubing will be 
severely attacked, Fig. 3, yet wellhead 
and flow line equipment will be immune; 
this may be reversed in another well. In- 
ternal corrosion of casing and external 
corrosion of tubing have been noted in 
some dually-completed wells. Casing is 
believed corroding externally in some 
fields from electroyltic attack developing 
from electric currents generated in field 
lines and galvanic corrosion also has 
been noted in Christmas tree fittings 
and flow lines. 


Cycling Plant Corrosion Negligible 


Cycling plant corrosion as yet has been 
regarded as negligible. According to 
Buchan‘!) it is potentially serious 
enough at the Katy plant of Humble Oil 
end Refining Co. to warrant periodic 
inspections. On this point the NGAA 
committee is silent in its conclusions 
but F. S. West‘2) states “there is no 
reason to believe that the cycling plant 
equipment, especially that equipment 
handling produced ‘well liquids, is im- 
mune from such corrosion, even though 
it is logical to believe the action should 
be less severe within the plant than at 
the well.” Until recently, most of the 
work on the problem has been laboratory 
investigations by the various groups in- 
volved. Field work largely has been 
carried on by individual companies and 
doubtless will continue. Coupons of vari- 
ous metals and alloys have been exposed 
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Fig. 2—Corrosion in a lead pipe. Note the distinctive difference in this attack, 
which presents a herringbone appearance, to that exhibited in Figs. 1 and 3 


in both corrosive and non-corrosive wells 
and yields and very important differences 
have been found in their resistance. 

Of the known corrosive agents, car- 
bon dioxide and water (as carbonic acid) 
is considered to be the prime cause of the 
corrosion. Experiments by the Bureau of 
Mines and Battelle Memorial Institute‘? 
have indicated that carbonic acid, under 
conditions comparable to those existing 
in the well, will corrode mild steel 0.030 
in, per year. (The wall thickness of 3-in. 
extra heavy steel pipe is 0.304 in. and, 
at pressure of 1500 to 3000 psj existing 
in the average distillate well, would fail 
in less than ten years even if pits were 
not formed. ) 

The attack rate may be increased in 
the presence of the lower fatty acids in 
concentrations known to be present in 
the well fluids. Laboratory attack rates 
are less than one-tenth the maximum 
actually found in the field, although 
areas showing extremely high rates in the 
field have been exposed to excessive 
turbulence, such as exists in chokes, 
at ells and tees. Thus the committee 
assumes that carbonic acid, and lower 
fatty acids in concentrations up to 1000 
ppm as propionic acid, are the villains. 


X-rays Feature Recent Studies 


Much recent work‘4) has revolved 
around X-ray studies of films formed on 
metal coupons by the well fluids and 
chemical analyses of well fluids to de- 
termine the concentration and identity 
of the fatty acids present. Detection and 
identification of the natural inhibitors 
believed present in some fields also is 
receiving close attention. These investi- 
gations are extremely difficult, since cer- 
iain organic compounds present in con- 
centrations as low as 0.001% might be 
effective in modifying any protective film 
formed, consequently affecting mode and 
rate of attack. 

If success crowns this recent work, it 
will be possible to predict the dregree 
of corrosiveness of new wells or fields 
from analyses of well fluids, and well 
completions will be planned accordingly. 
This information also should indicate 
what compounds or classes of compounds 
should effectively inhibit the type of cor- 
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rosion expected. It already is possible to 
follow the effect of mitigating treatments 
in individual wells by analysis of well 
fluids, particularly the variations in iron 
content, 

D. A. Shock, the NGAA committee’s 
field representative, and Dr. Norman 
Hackerman, University of Texas physical 
chemist, have done most of the film study 
work under fellowship established by 
the NGAA at the University. Together 
the two have developed a_ successful 
method of adsorbing acidic constituents 
in the hydrocarbon phase of the well 
fluid on silica gel and extracting them 
for laboratory study(5). These materials 
are supplied to Dr. H. L. Lochte for 
natural inhibitor studies under another 
fellowship at the University. 


Reports so far from the general in- 
vestigation indicate that the possibility 
of finding some inexpensive alloy to 
resist the corrosive attack is nearly “hope- 
less.” Test coupon studies reveal that 
nothing less than 18-8 stainless steel can 
be depended upon to do the job, and 
even this class of alloys is slightly at- 
tacked. Chromium contents of less than 
9% are no better than mild steels. High 
tensile bronzes have shown some promise, 
however. Monel flow-beans and valves 
trimmed with it as well as some of the 






Stellites have been successful. Even 
metal plated strings have been run ‘py 
field tests which are as yet inconclusive. 

Much of the metallurgical work in 
the investigation has been done by 
Battelle Memorial Institute and more is 
in progress in cooperation with a cor- 
rosion committee from the National 
Association of Corrosion Engineers, This 
committee is supplying seven bombs 
containing 32 different alloys for field 
testing. The Bureau of Mines also is 
making laboratory investigations on 
alloys and platings in addition to its 
studies of chemical inhibitors. 


Plastics Now Used More 


Corrosion prevention by means of vari- 
ous plastic coatings until recently has 
been considered unpromising. Any coat- 
ing of this type must withstand con- 
siderable ercsive action without wear, 
be capable of survivjng normal setting 
and pulling of tubing-‘without damage. 
resist wear from running of tools or 
instruments through the tubing in place 
and be impervious to gases under high 
pressure, According to the committee, 
most coatings, either of the painted-or 
baked-on types, failed to meet one or 
more of these conditions. 

Recently, however, improvements have 
been noted in plastics. Buchan‘!) re- 
ports that a baked-on (at 350° F.) ther- 
mosetting and thermoreacting plastic of 
the  phenol-formaldehyde (Bakelite) 
type, applied in several layers to a 
total thickness of 0.005-0.006-in., was 
used on tubing strings in a Louisiana 
field where bare-metal tubing failed 
within three to four years from corrosion. 
Conditions there are similar to Texas 
Gulf Coast condensate fields. Although 
length of exposure is not given, this 
material had not failed in the Louisiana 
trials upon last inspection. This coating 
now is being tried in several wellheads 
and other fittings cn wells of the Katy 
field and had not failed when examined 
five months after installation. It now is 
on trial in four more wells there, 

Several authorities(1,3.4,) have pointed 
out that a_ successful plastic coating 
metal plating or alloy has possibilities as 





Fig. 3—Corrosion in a tubing hanger taken from a distillate well. In this case the 
attack was especially severe 
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Developed in cooperation with the Universal Oil 
Products Co. to meet requirements for a sturdy, continuous-duty, highpressure, 
adjustable stroke pump for use in pilot plant operations and for other types of 
experimental work. The pump is of the duplex type, with individual cylinders 
permitting two different types of liquids to be pumped simultaneously, or where 
increased volume is desired above the capacity 
of a single cylinder, both cylinders can be piped 
in parallel. The design of the duplex pump per- 
mits continuous operation and will maintain a 
given flow rate continuously, delivering full 
rated output at maximum rated pressure. Volu- 
metric efficiency throughout the full range is 
over 90%. 


SPECIFICATIONS 


Maximum Safe Working Pressure —8000 Ibs. Number of 
cylinders—2, completely independent of each other. 
Capacity maximum — 1800-1900 cc per hour per cylinder. 
Minimum—0O cc per hour per cylinder. 


Motor: Y2 H.P., explosion-proof, 115-230 Volts, Single 
Phase, with explosion-proof starting switch unmounted. 


Write for descriptive 
literature No. T-9945- 3 





“PRECISION” U. O. P. ADJUSTABLE FEED PUMP 


Developed by the Universal Oil Products Company. Applicable to a wide 
variety of uses requiring a specific rate of liquid feed, in routine laboratory 
operations and pilot plant scaling processes. 
DOUBLE FUNCTION — Charging and metering. Typical application is charging 250 to 400 ml. per 
hour of codimer (di-isobutylene) to a laboratory hydrogenating unit. 


VISIBLE DISCHARGE — The graduate, serving as a charger, permits observation of actual quantity of 
liquid discharged. It is not only possible to determine the discharge rate, but to check volume 
discharge from graduate during any desired interval. 

ADJUSTABLE — Pumping rate may be adjusted while the device is in operation. Two sizes available: 
25 to 200 mi. per hr. and 200 to 2200 mi. per hr. Drain cock included for emptying graduate when 
desirable. Motor is sparkless induction type. Write for descriptive literature No. 9000-G 


See Your Laboratory Supply Dealer 
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The economic advantage of one sup- 
ported catalyst over another can be readily 
figured. It is a sum of savings effected all 
along the line .. . from purchase to dis- 
card. when you work with Porocel- 
capped catalysts, you reap substantial 
benefits right from the start. 


Porocel-supported catalysts are Jower in 
price because their manufacture does not 
involve the use of expensive synthetic 
carriers and costly forming methods. In- 
stead, the active ingredient is impregnated 
on a naturally-hard, high-purity bauxite 
carrier. Adequate ore sources and special 
processing plants insure rigid control of 
each production step, as well as prompt 
deliveries, in adequate amounts, of your 
catalysts. 


Savings don’t stop at original cost. They 
keep increasing right on through Porocel’s 
long service life. Here are some reasons why: 


x, \ 
Your Savings are Traceable , 











J 


i High adsorption activity. Porocel accepts 
and holds large quantities of many active 
catalysts. 


2 Even dispersal capacity. Porocel’s porosity 
averages 55% of its total volume, with aston- 
ishingly large contact areas. 


3 Ruggedness. Porocel’s ability to stand up 
under wide ranges of temperature, pressure 
and flow condition is a matter of record. 


4 Purity and inertness. Low-iton, low-silica 
Porocel is inert to almost all reactions. 


It will pay you to investigate the unusual 
economy of Porocel-supported catalysts. 
We will gladly send samples of Porocel 
impregnated with Ni, Mo, Cr, or their 
oxides ot Friedel-Craft types AICI,, FeCl,, 
ZnCl,, etc.—for laboratory tests. Now is 
a good time to discuss with us the prep- 
aration of specific catalysts for yow. 
Address: Attapulgus Clay Company (Ex- 
clusive Sales Agent), Dept. D, 260 South 
Broad Street, Philadelphia 1, Pa. 








fan 
PORQCEL 








ACTIVATED BAUXITES « SUPPORTED CATALYSTS + CATALYST CARRIERS * ADSORBENTS AND DESICCANTS 


278 PETROLEUM Processinc, April, 1947 














Combatting Corrosion 





a means of combatting this corrosion. 
At Katy, for example, all the tubing in 
producing wells could be coated with 
plastic for about $140,000, which is 
approximately the annual werk-over ex- 
pense due to tubing corrosion. If the 
coatings extend tubing life but one 
year, they would thus pay out in com- 
parison with unprotected tubing. If life 
could be extended five years, coated 
pipe probably would be the most satis- 
factory method of handling the problem 
of subsurface corrosion. A similar case 
can be made for plated and alloy tubing. 


The search for chemical compounds 
which could be injected into the well 
to control the corrosion has met with 
varying degrees of success. A number 
have been tried and from these experi- 
ences it is postulated that probably no 
single compound will be found which 
will work in all fields or formations 
(3,4,6,), because of the differing condi- 
tions peculiar to many individual fields. 

The committee’s work on the selection 
of inhibitors shows that some chemicals 
might plug the flow string, either by 
chemical action in precipitating such ions 
as calcium and magnesium from the 
produced connate water or by evapor- 
ation of treating solution water at the 
relatively high temperature involved. 
This is particularly true with inhibitors 
containing sodium salts, or those tending 
to raise the alkalinity (pH) of the well 
liquid. 

Others, which might work well in in- 
hibiting corrosion, may prove too ob- 
iectionable for other reasons. In _ this 
class, for example, are bone oil and 
sulfur compounds. Bone oil particularly 
was not liked because of its exceeding- 
ly offensive odor, which became notice- 
able during processing of the distillate. 


Ammonia is in successful use in treat- 
ing wells, although considered inadvis- 
able by some authorities because of its 
detrimental effect on Admirality metal 
equipment in the cycling plant. Formal- 
dehyde similarly is not favored by 
others because of its tendency to poly- 
merize and foul such tubular equip- 
ment as propane chillers. * 

Naphthenic acid is being used experi- 
mentally at two wells at Cotton Valley; 
sodium chromate solution in another. 
Seventy-five gallons of a solution of 5 
Ibs. chromate (costing 17c per lb.) in 
100 gal. water js controlling corrosion 
effectively although the present method 
of continuous injection via chémical 
pump is considered expensive. - Naph- 
thenic acid (costing 90c per‘gal.) in 
proportion of one part to 19 parts of 
mineral seal oil (obtained from _ the 
cycling plant at zero cost), injected by 
gravity-type lubricators, has reduced cor- 
rosion to a negligible point in one well 
and to 50% in the other, according to 
early but inconclusive tests reported to 
the committee (4). 

In some cases, simple neutralization by 
continuous injection of alkali into the 
asing annulus (provided the well is 
not completed as a dual-producer) and 
producing it through the tubing is suc- 
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cessful. Soda ash and ammonia have 
been injected with satisfactory results 
in certain wells, but plugged tubing in 
other distillate fields with solids precipi- 
tated from entrained connate water. 
Ammonia has been successful at South 
Jennings, Chocolate Bayou and _ other 
South Louisiana fields, also at Old 
Ocean, Texas. 

Sodium dichromate also has proven 
successful at Old Ocean, Erath and is 
being used at Katy. Scdium chromate- 
soda ash injections are apparently suc- 
cessful at Cotton Valley, although the 
latter has shown a tendency toward slow 
plugging of the flow string. Soda ash 
alone is apparently successful at Katy. 

Most spectacular results so far were 
obtained from tests of one well in the 
highly corrosive West Tuleta field in 
Texas, with a proprietary corrosion in- 
hibitor called “Kontol 115” marketed 
by the Tretolite Co.(4). This is a semi- 
polar organic material made from a 
petroleum fraction, is soluble in oil and 
has no tendency to precipitate calcium 
and magnesium salts from well fluids. 
It is chemically attracted to metal sur- 
faces, on which it forms an adherent, 
invisible protective film. 

Injection of this material into the well 
bore via the casing annulus with a chemi- 
cal pump at the rate of 0.419 qt. per 
million cubic feet of gas, for an approxi- 
mate chemical cost of 87c per day, 
dropped corrosion to 7% of the original 
uninhibited rate as determined by cor- 
rosion of test coupons before and during 
injection. Moreover, other tests indicated 
there was a residual inhibitive effect to 
the extent of 50% of the original rate for 
up to 30 days after discontinuing injec- 
tion, This last is a particularly valuable 











feature in that it relieves the operator 
from maintaining standby equipment for 
emergencies and may result in a reduc- 
tion of treating expense by permitting 
periodic applications of inhibitor rather 
than continuous injections. 


Some authorities believe the ultimate 
solution of the corrosion difficulties will 
come through tubing strings protectively 
coated, by chemical inhibitor injection, or 
a combination thereof. Knowledge of the 
corrosion mechanism and development of 
analytical methods which will permit 
anticipation of the type of attack to be 
expected will aid in setting up the rate of 
completion of new wells and fields. It is 
certain that a majority of any new fields 
which may be discovered will be corro- 
sive at least to some extent. Thus the 
problem of handling this type of selec- 
tive corrosion will remain of interest to 
producers and cycling plant operators. 
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Field apparatus for extracting 10 ppm. of fatty acids, believed to catalyze the 
carbonic acid corrosion in some distillate wells, from the raw effluent. D, A. 
Shock, NGAA field representative is shown operating the extractor 
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Badger experience is broad. It covers many industries. Yet it 
is specialized in that it deals chiefly with manufacturing by 
modern chemical engineering process methods. 


Cutting through industry at the processing level, Badger 
experience serves not only the petroleum, chemical and petro- 
chemical industries, but also such fields as brewing, distilling, 
food processing, pharmaceuticals and others. 


Badger’s experience in one industry is often applicable to 
another apparently unrelated field. For instance: 


Through extensive association with petroleum refining, Badger’s 
engineering experience has been utilized in designing and con- 
structing plants for the production of new synthetic chemicals. 


Experience in fermentation, beer brewing, and alcohol distilling was 
of substantial help in enabling Badger to pioneer in the design and 
construction of plants for the production of penicillin and 
streptomycin. 


These are just two of the many cases in which Badger has 
drawn on experience in one field to help to design a plant in 
another field. 


Perhaps Badger’s experience can be profitably applied to 
your problems. 


E. B. 
& SONS CO. - Established 1841 
BOSTON 14 - NEW YORK - SAN FRANCISCO 


PROCESS ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM, CHEMICAL, AND PETRO-CHEMICAL INDUSTRIES 
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Four Factors Are Major Controls in Design 


Of an Economical Oil-Water Separator 


Article 16 in a Series—By W. B. HART 


In Charge of Waste Disposal for Atlantic Refining Co. 


Type of flow, shape of equipment, size and rate of rise of oil globules, 


and the relation of rate of rise to separator length play an important part 


in designing full-scale plant equipment for sedimentation method of separat- 


ing oil from refinery waste water. 


Great care is necessary in the design of accessories for reducing tur- 
bulence before flow is introduced into the sedimentation chamber proper. 


Flow is divided, impinged against baffles and weir controlled, then sent 


through a layer of Raschig rings or cinders, which breaks down water-in-oil 


emulsions and aids in the formation of larger oil globules, necessary for 


good separation. Proper functioning depends on preventing entry of stable 


emulsions and of particles such as plant growths, sanitary sewage or float- 


ing masses of coke. 


Design of the sedimentation chamber and other features of the oil 
separator will be described in the next issue. 


N THE preceding article it was stated 

that separator design is a matter of 
adhering to sound fundamentals, but 
with modified values which will give 
satisfactory treatment results, The basic 
type of flow, i.e., laminar flow, was dis- 
cussed, and the reason why this is the 
fundamental type of flow was explained. 
The next step is to determine how, and 
to what extent, the basic flow can be 
modified so that a practicable sedimenta- 
tion procedure can be devised, and rea- 
sonably economical equipment designed 
for its application. 


Certain Factors are Design Controls 


Certain factors play such important 
roles in the design of sedimentation 
equipment that they may be regarded 
as design controls, and therefore they are 
the logical points of approach. These 
factors are as follows: 


(1) The type of flow through the 
equipment, 


(2) The shape of the equipment cross- 
section, i.e., the channel cross-section. 


(3) The size of oil globule to be con- 
sidered and its rate of rise. 


(4) The rate of rise in relation to 
separator length for practical application. 


The type of flow essential to effec- 
tive separation of oil from water in such 
a way that the oil can be retained and 
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collected is the most important factor 
in the sedimentation process. It must 
be free of turbulence which is powerful 
enough to overcome the buoyancy of 
the oil globule, i.e., to so interfere with 
the normal path of rise that the globule 
is carried on through and out of the 
equipment with the waste flow. To ana- 
lyze this relationship some yardstick of 
turbulence must be established. 


In determining the basic or laminar 
flow, the critical velocity for an open 
channel was used. This is a fixed value, 
however, and offers no opportunity for 
logical modification. .But the critical 
velocity is derived from factors which 
also are used in the derivation of the 
dimensionless value known as the Reyn- 
olds number. This is evident from a 
comparison of the two equations: 


360 VR 
=e. at Rhe——— 
v 





It readily can be seen from these 
equations that there is a certain Reyn- 
olds number for the critical velocity 
essential to laminar flow. This dimen- 
sionless value, therefore, appears to have 
all the requirements necessary as a yard- 
stick for modifying the basic type of 
flow in a logical manner. It has been 
used as an instrument for design of 
models from full sized hydraulic equip- 
ment, and for comparisons of hydraulic 


structures. Its usefulness in connection 
with the matter under consideration 
can be etablished clearly. 


The flow of water in an open channel 
has been described in several publica- 
tions. It must be realized that the open 
channel flow described(1%*) is the flow 
in long experimental channels. But the 
type of flow which can be developed 
in such channels is the type of flow es- 
sential to the continuous separation of 
oil from water by sedimentation. 


In discussing the basic type of flow, 
the investigations of Hopf were men- 
tioned(164), He established that the 
critical velocity could be evaluated by 
using the equation: 


360» 





vU~.= 


This critical velocity, under conditions 
which otherwise are proper, will result 
in laminar flow. In the Hydraulic Lab- 
oratory at Gratz it was found that when 
the Reynolds number R < 144 the 
flow will be laminar, and when R > 
900, laminar flow cannot exist. Obvious- 
ly the critical velocity as determined by 
Hopf is a fixed figure, while Reynolds 
number varies, yet is indicative normally 
of flow condition, This is evidenced fur- 
ther by Reynolds’ own _ investigations 
(167). He showed by use of the equa- 
tion: 


R=—— 


L 


that when V x R is equal to, or less than 
0.002, laminar flow exists; when V Xx KH 
is between 0.002 and 0.007, the flow 
may be either laminar or turbulent; and 
when V x R is equal to or greater than 
0.007, the flow is turbulent or shooting. 


That the use of Reynolds number is 
the best yardstick for estimating the rela- 
tive degree of turbulence also is shown 
clearly by Reynolds original work with 
flow in pipes(144), He determined the 
upper limit of laminar flow in pipes to 
be of the order of 2700 to 4000, and 
the lower critical Reynolds number to 
be of the order of 2100. But by provid- 
ing the necessary degree of quiescence 
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Petreco Desalting 
Increases Refit 


7 The performance and life 


of equipment is benefited by 
ELIMINATING SALT PLUGGING 
REDUCING HCI EVOLUTION ) 
DECREASING HARD COKING 2 
Increased operating profits 
are possible because of 
MORE ON-STREAM TIME 
LESS MAINTENANCE EFFORT 


3 INCREASED REFINING CAPACITY 
Operating procedures 


are simplified — you can 
MAINTAIN HIGHER TEMPERATURES 
SET UP A TIME SCHEDULE 
INCREASE EXCHANGER EFFICIENCY 


@ Refinery personnel is assisted by 
PETRECO’S DESALTER EQUIPMENT INSPECTIONS 
SERVICE ENGINEERS ON 24 HOUR CALL 
RESEARCH AND CONSULTATION SERVICE 


You can afford PETRECO DESALTING ...can you afford to do without it? 
Write or consult your Petreco Engineer—Plan with Petreco to get 


your desalting program under way now! 


PETROLEUM RECTIFYING COMPANY 5121 South Wayside Drive, 
Houston 1, Texas; 648 Edison Building, Toledo 4, Ohio; 530 West Sixth Street, Los Angeles 14, California 


U 
_— Lchiic DESALTING * DEHYDRATING 
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Need TUBING 








Wherever tubing is needed to withstand in- 
ordinately severe temperatures or pressures 
in chemical and refining processes, call on 
Croloy 25-20. This non-magnetic, austenitic 
stainless steel tubing offers the maximum 
obtainable resistance to corrosion, oxidation 
and creep at temperatures as high as 2100F. 
Its ductility and shock-resistant properties 
are retained even under prolonged heating 
at elevated temperatures. 





Other B&W Products 


THE BABCOCK & WILCOX CO. 
85 LIBERTY STREET + NEW YORK 6, N. Y. 


Water-Tube Boilers, for Stationary Power Plants, for 
Marine Service * Water-Cooled Furnaces * Super- 
heaters * Economizers * Air Heaters * Pulverized-Coal 
Equipment + Chain-Grate Stokers + Oil, Gas and Multi- 
_ fuel Burners * Refractories * Process Equipment. 





ZIOOF heat? 













Section of petroleum cracking 
unit made of B&W Croloy 
25-20 Stainless Steel Tubing 











Available in SEAMLESS and WELDED 
tubes, Croloy 25-20 has fully demonstrated 
its time-saving, cost cutting advantages on 
a wide variety of chemical processing and 
petroleum refining operations under extremely 
severe operating conditions. Call on Croloy 
any time you have a job for stainless tubing, 
for B&W Croloys embrace the widest choice 
of analyses available from a single source. 
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_ELEVATION 
SEPARATOR ASSEMBLY . 
Fig. 1—The laboratory = ae 
model separator as used 
in Atlantic Refining Co. =) 
laboratories for investi- 
gating fundamentals = 
PLAN 


ahead of the pipe (e.g. a matter of days), 
Ekman in 1910 was able to obtain lami- 
nar flow in a pipe at a Reynolds num- 
ber of 50,000. This should be remem- 
bered, for it will be referred to later in 
discussion of design. 


Allowable Intensity Cannot Be Calculated 


There is no mathematical method for 
predicting a degree of turbulence as an 
absolute value. Therefore, the Reynolds 
number for an allowable intensity ct 
turbulence cannot be calculated. It must 
be remembered that turbulence which 
will interfere seriously with the rise of 
small globules of oil cannot be permitted. 
Since this level of turbulence cannot be 
established mathematically, experiment 
and observation must be employed. 


This conclusion was reached early in 
the development of design for the equip- 
ment now commonly known as _ the 
“API Gravity-Type Oil-Water Separator.” 
The investigation of fundamentals for 
the design of this equipment, and the 
design work also, were carried out at the 
Philadelphia refinery of the Atlantic Re- 
fining Co. and the model “separator” 
was designed, fabricated and tested on 
the same plant as a project sponsored by 
the API Committee for the Disposal of 
Refinery Wastes. Funds were supplied 
as contributions by various of the larger 
oil companies. 


Glass Laboratory Separator 


With realization of the importance of 
turbulence, and of its relation to Reyn- 
olds number, a glass separator of lab- 
oratory size (12 in. wide by 30 in. long 
by 10 in. deep, for 6 in. flow depth) 
previously had been constructed for ex- 
periments with flow in sedimentation 
basins. It was equipped for introducing 
dye, so that the type of flow could be 
observed by the application of the col- 
oring matter. Although this experi- 
mental set-up originally was intended for 
the study of flow types, it revealed other 
details about flow through a sedimen- 
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tation basin which proved highly im- 
portant, ; 

Regardless of how carefully, or how 
slowly the water was introduced into 
the laboratory equipment, what could 
be regarded as laminar flow never was 
attained. The dye always moved in an 
irregular path, sometimes toward the 
surface and sometimes downward, or in 
an irregular spiral-like manner. Never 
did it move in a straight, horizontal path 
from inlet to outlet end. 

The experiments with flow were car- 
ried out at approximately 70° F. (wa- 
ter temperature) using tap water as a 
supply. Ignoring the effect of dissolved 
solids, and assuming a temperature of 
70° F. a series of flows were tried to 
determine where pronounced turbulence 
occurred, using the dye to make the 
water action visible. The water flow was 
introduced behind a distribution weir 
as shown in Fig. 1. 

In this series of experiments, turbu- 
lence regarded as excessive occurred at 
a calculated velocity of 0.0086 ft./sec. 
At a velocity of 0.0112 ft./sec., the tur- 
bulence very definitely was excessive. 


Turbulence at Various Velocities 


The next step was the investigation to 
determine how the degree of turbulence 
at various velocities would affect sus- 
pended globules of oil. For this purpose 
two grades of oil were employed and 
were introduced after being well shaken 
in water to produce small globules. 
These oils respectively were about 24° 
and 38° API gravity. It was found that 
with the 24° gravity oil the small glob- 
ules were carried with the turbulence at 
any velocity in excess of about 0.0091 
ft. /sec. 

Based upon the above rather crude 
experiments, the size and flows of an ex- 
per:mental or pilot plant separator were 
evolved using the rules of hydraulic 
similitude(168), The experimental sepa- 
rator, because of railroad restrictions for 
freight movement, could not exceed 8 
ft. in width, inaking the size ratio in re- 


lation to the laboratory separator 8:1, 
i.e, n = 8. Then: 


V:Vni:Vn:l 
and R:R, ::n:2 


in which V and Vm™ are velocities re- 
spectively in the experimental separator 
and in the laboratory separator, and R 
and Rm the hydraulic radii, Since the 
kinematic viscosity of the water will be 
the same for any given temperature, and 
V and R are the other factors in the 
equation for Reynolds number, the 
Reynolds number also will be subject 
to the n ratio. 

The indicated calculations determined 
the range of Reynolds numbers for the 
experimental separator. Flows based on 
these numbers then were planned. Other 
eatures of design were explored before 
these flows were applied, however, be- 
cause a complete design for construc- 
tion of the separator was necessary. But 
for convenience the discussion of flow 
will be carried to a conclusion first. 


Eddy Currents Too Pronounced 


When applied to the experimental 
separator, the planned flows were found 
to cause eddy currents which obviously 
were too pronounced around some of the 
accessory equipment. A reduced series 
of Reynolds numbers was calculated and 
found to offer much more hope of ef- 
fective operation. This range was frem 
2500 to 4000. It then became necessary 
to correlate these numbers with the 
flows permissible in a plant size sepa- 
rator by resorting again to the rules of 
similitude. To do so, however, it was 
necessary first to give consideration to 
certain practical features which have to 
do with width and depth. This will be 
discussed now so that these dimensions 
can be understood. 

When the design for plant equipment 
was developed, the most satisfactory 
type of cleaning device was available 
for a basin width of only 20 ft. This 
width was accepted as standard for a 
separator unit. 

Further, it was indicated earlier that 
in the most desirable channel cross-sec- 
tion the depth is one-half the width. 
For a width of 20 ft., the flow depth 
should be 10 ft. But to allow for a 
gravity flow to the separator from a 
sewer system perhaps only 4 or 5 ft. 
below grade, the excavation depth 
would be increased by perhaps 7 or 8 
ft. to around 18 ft. 

Many refineries are located in low 
areas bordering on water, so that the 
water-table (i.e., level of the subsurface 
water) is but a few feet below grade. 
Consequently, any excavation of con- 
siderable depth, such as the above, 
would require extensive shoring and de- 
watering, both of which are expensive. 
Some concession was made to such a 
condition, therefore, and the standard 
unit cross-section of flow was established 
as 20 ft. wide and 8 ft. deep. It should 
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be remembered that this is flow depth. 

The type of flow indicated for ‘a ver- 
tical cross section 20 ft. wide by 10 ft. 
deep, as determined from the range of 
Reynolds numbers found satisfactory in 
the experimental separator, was estab- 
lished for plant size equipment and ap- 
plied to the section 20 ft. wide by 8 
ft. deep. 

It will be noted at once that the use 
of 8 ft. as the depth for a section 20 ft. 
wide, is a deviation from the ideal open 
channel section. But that this deviation 
is not serious can be proved for any 
particular installation. It can be shown 
that if the flow conditions have been 
observed, the depth in all cases will be 
greater than the critical at which turbu- 
lence would become excessive. This is 
true because the hydraulic gradient along 
the length of the separator is practically 
negligible and therefore does not cause 
high velocities. If desired, this depth 
effect can be determined from the fol- 
lowing equation: 


an 
& 
in which: 

d. = The critical depth, in ft., 

q = Rate of flow in cu.ft./sec./ft. 
width (For the section in question 
this value will equal the load on the 
separator in cu.ft./sec. divided by 
20), 

2 = Acceleration of gravity in ft./sec.?. 

Returning once more to the type of 


flow, and specifically to the Reynolds 
number as a measure of this factor, a 
range, or more precisely an upper limit 
of Reynolds number can be established. 
The original experimentation indicated 
that for a section 20 ft. wide and 10 
ft. deep, a Reynolds number of 17,500 
will not interfere with the separation of 
oil having a gravity of approximately 
38° API. 


Using the kinetic energy of the oil 
globule % (mv?) as a measure of the 
resistance to interference, and for corre- 
lation with other gravities, for an oil of 
24° API gravity, a Reynolds number of 
about 6000 should not be exceeded. 
But when applied to the section 20 ft. 
by 8 ft., these values will be higher. 
Also, for oils of a higher API gravity 
(i.e., lighter oils), a somewhat greater 
degree of turbulence is permissible. 


By following the same procedure of 
relations it can be shown that for oils 
of the order of 45° API gravity, a Reyn- 
olds number of 20,000 may be used for 
plant design. This, however, is the upper 
limit. Actually, there is no lower limit 
to be defined by a Reynolds number, 
although for oils of 18° to 20° API a 
Reynolds number of 5000 should be 


used. 


- For oils lower in gravity, that is to 
say, approaching the gravity of water, 
the use of sedimentation as a practica- 
ble procedure for treatment of wastes 


to remove oil is questionable, as will be 
explained later. Consequently, for plant 
design, a curve of Reynolds numbers 
versus gravities such as shown in Fig. 
2 can be established. 


At Variance With API Manual 


This discussion of flow fundamentals 
and separator section has been presented 
in some detail for two reasons, First, it 
is at some variance with the recom- 
mendations of the American Petroleum 
Institute Manual, which is the result of 
committee action. Second, it not only 
explains the fundamentals of the basic, 
and probably the most important part of 
the design, but also establishes the ca- 
pacity of the equipment. 

As previously shown: 


—— 


v 


R 


Ry 
Then Rv= VR and V= R 


Of the factors in the above equations, R 
will be known from the gravity of the oil 
to be separated, as applied in Fig. 2; » 
will be known from the temperature and 
kinematic viscosity of the waste; and R 
can be calculated from the dimensions of 
the standard cross section of 8 ft. by 20 ft. 
Thus V, the velocity can be calculated, 
and when applied to the standard cross 
section, the capacity of the cross section 
will result. 


That the cress section of flow does de- 
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Fig. 2---Relationship of Reynolds Number to gravity (° API) 
of oil to be separated 
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Fig. 3—Relationship of Reynolds Number to the percentage 


of cross-sectional area of a standard section 
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Fig. 4—Typical relative velocity curves 
for open channel flow such as occurs 
in a gravity type oil-water separator 


termine the capacity should be empha- 
sized, for there are many who have vari- 
ous ideas as to just what factors are in- 
volved. But it is the vertical, transverse 
section of flow, and the velocity of the 
flow of waste through this section, which 
determines capacity. The amount of oil 
present in the waste has only negligible 
effect on the separator capacity, but it 
seems that frequently this oil is regarded 
as the factor which controls the load the 
equipment can handle. 


As an example, the capacity of the 
standard 8 ft. by 20 ft. section can be cal- 
culated. Assume that the kinematic vis- 
cosity (v) is 0.00001, and that a Reynolds 
number (R) of 15000 is necessary. The 
Hydraulic Radius (R) will be the section 
area, A, (8 x 20) of 160 sq. ft., divided by 
the wetted perimeter (P) of 36 ft. (8 + 
20 + 8), which equals 4.44. Then: 


_ Rv _ 15000X0.00001- 


—— 4.44 








Simplifying the above equation the 
average velocity is equal to 0.0341 ft./ 
sec or 2.046 ft. /min. 


Thus, a section area of 160 sq. ft. will 
carry 160 x 2.046 or 327 cfm. 

This calculation of capacity for the 
standard section is basic to separator de- 
sign. It will be referred to shortly when 
design procedure is summarized. At this 
point the basic procedure for design when 
the load is greater or less than that of a 
standard section, will be considered. The 
two procedures can be explained at the 
same time. 

Assume that with a given set of condi- 
tions, i.e., Reynolds number and kine- 
matic viscosity of water, the standard sec- 
tion will carry 350 cfm. but the waste 
tiow to be subjected to sedimentation is 
450 cfm. Obviously, a single standard 
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section will not be large enough, yet two 
such sections will be larger than neces- 
sary. The solution of this situation is the 
building of two parallel sections, each 
with a capacity of half the 450 cu. ft. or 
225 cu. ft. 

This procedure should be followed in 
all cases where the waste quantity exceeds 
the capacity of the standard section, un- 
less the economics of design and construc- 
tion indicate that several standard sections 
in parallel should be used even though 
they provide some excess capacity. 

Returning to the example above, the 
Reynolds number will be lower as a result 
of the smaller size. The velocity also will 
be lower as will the cross-section. The 
kinematic viscosity of the flow wili re- 
main the same. 

Using the dimensional interpretation of 


rate of flow as 
25 7, a 
VQ, 


and of area of cross-sections as 


VA, (168) 


the area of the smaller equipment can 
be obtained from the equation: 


VQ WV Qni:VA:VAn 
Then: \/350 : N/ 225 : : +/ 160 : V/ An 


From this relationship the area of the 
smaller equipment is 112.5 sq. ft. 


This area of cross-section is the product 
cf the breadth (b) and the depth of flow 
(d), and b = 2.5 d. Then: 


A =b x d = 2.5d? 
By solving for d, the value is 6.7 ft. and 


b = 16.75 ft. From these dimensions the 
Reynolds number can be calculated. 
V=0.033 ft./sec.; R=3.72: 
0.033X3.72 
i a nel = 12276 
.00001 


By this procedure, equipment smaller 
than the standard cross-section can be 
calculated. Equipment for very small 
flows will be discussed when the design 
procedure is summarized. 


Correlate Reynolds Number to Size 


As a matter of convenience, for equip- 
ment which is to be designed for ca- 
pacity less than that of the standard sec- 
tion, but not so small as those just men- 
tioned for special consideration, a curve 
of Reynolds number relationships as cor- 
related with size of equipment is shown. 
To use this curve, the proper Reynoids 
number for the standard section is selected 
from Fig. 2. Then the percentage of the 
standard cross-section which is represent- 
ed by the area required by the flow to be 
treated, can be applied in Fig. 3, and the 
Reynolds number for the separator size 
found. This will serve as an approxi- 
mate check on calculations of the Rey- 


nolds number when the equipment size 
is calculated. 

It will be of little use to decide upon 
flow character and equipment size unless 
every effort is made in detail of design 
to protect the flow; to see that the char- 
acter is maintained as completely as pos- 
sible. Perfect distribution of flow, in which 
the velocity at any point in a transverse 
vertical plane is the same as that at any 
other point in the same or any other simi- 


lar plane, cannot be attained for several 
reasons. 


In the first place, as a part of design the 
Reynolds number is too high. Secondly, 
the fluid flowing is viscous, and will be 
retarded by walls and accessory equip- 
ment because of friction. Thirdly, the 
movement of particles either upward or 
downward causes disturbances. Fourthly, 
the flow cannot be introduced into the 
equipment in a manner which is con- 
ducive to perfect distribution and is at 
the same time practicable. 


Choice of Design for Open Channels 


There is a choice of design in open 
channels. Either the channel can be made 
long enough, so that in its lower reaches 
the type of flow desired, and correspond- 
ing to the Reynolds number selected, will 
eventualize, or the flow can be “stilled” as 
much as possible before introduction into 
the equipment to bring about the desired 
type of flow quickly. The first procedure, 
obviously, is impracticable, or at least un- 
economical. Therefore the second pro- 
cedure must be followed. 


It will assist understanding of open 
channel flow to have full realization of the 
variations in velocity. Unlike the condi- 
tions existing when liquid flows in a pipe 
where the pressure is equal on all sides, 
in an open channel the pressure above is 
atmospheric, and the velocity varies with 
flow depth on the sides and bottom. Also, 
there is boundary on all sides in a pipe, 
while there is boundary on only three 
sides of a channel. Consequently, the flow 
when turbulence is not excessive follows 
the general pattern shown in Fig. 4. It 
shows clearly that the velocity varies with 
the depth, and that there is retardation 
along the walls and bottom. 


The shape of the velocity curve will 
vary with the quantity of liquid flowing 
through the channel. The velocity of 
flow will vary with the slope of the chan- 
nel. Control of velocity by use of Rey- 
nolds number as a convenient measure of 
turbulence will prevent excessive velocity 
and therefore excessive loading. The 
slope of the chanel bottom for such sedi- 
mentation equipment as that in question 
can be ignored. 

By use of the equation for critical depth 
it will be apparent that the flow depth is 
such that practically the entire body of 
liquid in the separator will flow forward 
in a tranquil manner, because the critical 
depth would occur only a few inches 
above the bottom. It is into this zone of 
low turbulence that the discharge from 
the sewer or ditch leading to the separa- 
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Fig. 5 (Left)—Typical design of front inlet end of a separator for optimum distribution. (Full line arrows show normal path 


of flow: dotted arrows path of overflow of film rupture chamber). 


tor is to be introduced in an evenly dis- 
tributed manner. 


“Stilling” Minimizes Turbulence 


A study of Reynolds original experi- 
ments, and of the experiments of 
others(144), will show that one of the 
major factors which will contribute to 
minimizing turbulence is “stilling” ahead 
of introduction into the channel. This 
can be accomplished either by means of 
a relatively large stilling basin ahead of 
the channel, from which the flow can be 
introduced properly, or by gradually still- 
ing in steps. Except in special cases the 
latter is the most economical, and its ap- 
plication offers other advantages. 


The flow leaving the sewer is under 
both gravity head and velocity head. The 
former must be accepted, but the latter, 
since it contributes to jet action, must be 
eliminated. Much of this elimination can 
be attained as a first step by dividing the 
flow and then impinging each stream 
against a baffle. In this way the energy 
will be dissipated in eddy currents. The 
mechanics of this dissipation are not too 
critical, Methods are illustrated in Fig. 5 
and 6. Others can be devised. 


The eddy currents then must be 
“stilled” out of the forward flow. This 
again is accomplished by further dividing 
the flow and then introducing it into a 
stilling basin. The stilling basin is critical 
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inlet end of separator 


in its operation. It must provide a head 
and capacity which will slow down and 
smooth out as much of the remaining 
turbulence as reasonably is possible, be- 
cause from this basin the flow is intro- 
duced into the sedimentation chamber 
proper by spilling over a sharp edged weir. 
The stilling basin should be level and 
the weir crest should be adjustable so that 
it can be reset as found necessary when 
checked frequently. This is of para- 
mount importance. 


The general arrangement of the distri- 
bution equipment is shown in Fig. 7, to- 
gether with dimensions which will relate 
the size of the stilling basin, or distribu- 
tion box, to the size of any particular 
separator through the separator depth. 

Fig. 7 illustrates another feature which 
can be used with this design. The space 
between the distribution box and the 
front wall is used to cause rupture of films 
which confine oil and water in water-in- 
oil emulsions such as those which cccur 
in tank bottoms. 


Use Raschig Rings or Cinders 


To accomplish this end the space is 
partly filled with Raschig rings of about 
2% in. diameter. These are supported 
on a perforated plate laid across the pipes 
leading to the distribution box. Hard 
cinder of the same general size as the 
Raschig rings and which will support the 
weight of its own superimposed load also 
has been used, and in some instances has 


Fig. 6 (Right)—Another type of distribution equipment for 


been found to be superior to the Raschig 
rings. 


The space, which then becomes known 
as the “film rupture chamber” should be 
loaded only to a depth which will serve 
the purpose indicated by the name. The 
perforated metal plate must be level, and 
the total area of the perforations should 
not exceed by more than about 33 1/3% 
the sum of the cross-sections of the inlet 
pipes on which it rests. 


This space serves still another purpose. 
In equipment functioning properly, and 
not overloaded, a layer of oil will ac- 
cumulate in the space. This oil gradual- 
ly should fill the entire chamber so that 
all flow must pass through it. The idea 
is to promote coalescence, i.e., have all 
small globules merge to form large 
globules or masses which will rise much 
more rapidly. Such action promotes ef- 
fectiveness in removal of oil from the 
waste flow. 

There has been complaint that when 
the space designated as the film rupture 
chamber is filled, or even partly filled with 


Raschig rings or similar materials the 


- space becomes blocked. Investigations of 


such blockage have revealed that often 
this is due to algal growths, or to sanitary 
sewage, or at times to floating masses of 
coke. None of these materials ever should 
be allowed to enter the separator at any 
time, for it will so seriously interfere with 
the functioning of the equipment that the 
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Fig. 7—Diagram of distributor design with principal dimensions. All dimen- 
sions are based upon the depth of flow 











waste treatment will be subject to justifi 
able criticism. Just why this will occu: 
will be explained when the limitations o; 
sedimentation as a treatment process ar. 
discussed. 

The distribution functioning of the inlet 
end of the separator as presented in Fig 
7 now can be summarized. The reservoir 
effect previously mentioned will be ap- 
parent in both the distribution box and 
film rupture chamber. An important fea- 
ture of this design is the complete loop or 
reversal of flow which it brings about. 
Actually this is a double reversal, in th« 
first half of which there is almost com- 
plete stoppage of the waste movement by 
the head against it in the distribution box, 
thereby breaking down the velocity head 
at the entrance pipes. 

The well stilled waste then is even more 
completely distributed by the action of 
the carefully levelled distribution weir. 
This has another very important effect, in 
that it brings the waste flow into a rela- 
tively thin layer as it passes over the weir, 
permitting a levelling of any great tem- 
perature and gravity differences which 
might bring about thermal currents or 
stratification in the sedimentation basin 
which follows. 

This temperature levelling effect is car- 
ried on even further in the film rupture 
chamber where the rupturing agent, as 
well as the mass of liquid in the chamber, 
tends to assume a relatively constant tem- 
perature which resists change. This pro- 
duces the averaging effect. 

Finally, the distribution is further aided 
by the perforated plate which forms the 
bottom of the film rupture chamber. The 
perforations in total area purposely are 
made only enough larger than the total 
area of the inlet pipes to permit all flow 
to pass, but with some loss of head so that 
good distribution is assured. This has the 
effect of correcting channeling which 
might occur. From this plate the flow 
enters the sedimentation chamber proper. 


In making this entrance the flow passes 
a throat area which gradually opens out 
without angle or other disturbing feature. 
This mode of entrance provides the 
smoothest inlet conditions which can be 
devised, and such conditions are para- 
mount to effective treatment. The actual 
sedimentation starts as soon as the sedi- 
mentation chamber is entered. The design 
of this chamber, and other features of the 
separator, will be described in the next 
article. 
References 
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Production of Synthetic Lubricating Oils 


By the Voltolization Processes 


iy IS surprising that little mention, if 
any, is made of the production of 
lubricants by the voltolization process in 
Germany, Japan, or in the Allied countries 
during the second World War. This 
process for manufacturing lubricants was 
developed commercially by De Hemp- 
tinne around 1912, At the outbreak of 
World War I, the De Hemptinne oil 
plant in Belgium was seized by the Ger- 
mans and exploited throughout the war. 

Essentially, the De Hemptinne proc- 
ess(1) for producing lubricating oils by 
voltolization comprised charging a blend 
of from 15 to 50% fatty oil and mineral 
oil into a horizontal cylindrical drum 
with scoops around the inside periphery. 
The drum rotated about a_ horizontal 
axis, and the scoops caused the oil to 
drip continuously over the electrodes in 
the center of the apparatus. 

This process was later improved by the 
Continental Caontchouc and Gutta Percha 
Co.(2) by the introduction of catalytic 
agents during the voltolization process in 
order to produce improved lubricants. 


Transferred to Germany in 1917-18 


In 1917-1918, under the leadership of 
Dr. Nernst, Germany transferred most 
of the equipment from the De Hemptinne 
plant in Belgium and erected at Pots- 
chapple a plant called the Deutsche Elek- 
trion Ol Gesellschaft, which in the last 
year of the war produced about 1650 
tons of aviation oil(3) for Germany. The 
Potschapple voltolization process com- 
prises charging oil into a horizontal cylin- 
drical steel vessel under reduced pres- 
sure. No hydrogen or other gas was 
introduced into the vessel and the oil was 
held at 80° C. in order partially to vapor- 
ize it. The electrode elements were 
made up of aluminum plates. Scoops 
were attached to the electrode carrier, 
by means of which the oil was picked 
up and poured between the plates of 
the electrodes during the electric dis- 
charge and was thus subjected to the 
ction of the high tension electric cur- 
rent. The time required for the opera- 
tion varies with the type of oil treated. 

In vertical voltolizers, which were de- 
veloped later, the oil is fed at the top of 
the vessel, and a current of nitrogen or 
some other gas is introduced at the bottom 
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By GEORGE G. PRITZKER 
Shell Development Co., San Francisco 


The voltolization processes for 
producing synthetic lubricants consist 
of subjecting an oil, or mixture of 
oils, to a silent electrical discharge. 
Improved lubrication properties, in- 
cluding increased viscosity index, 
are said to. be imparted to the orig- 
inal oil. The name “voltolization” is 
not common in the English literature, 
but is apparently derived from the 
German lubricant “Voltol” produced 
by such an operation. 


Although such processes have 
been known for over 40 years, little 
attention has been paid to them in 
this country. With the interest now 
being shown in synthetic lubricants, 
however, voltolization should attract 
greater scrutiny. Mr. Pritzker’s ac- 
companying survey of the literature 
on the subject will prove helpful to 
anyone undertaking such an investi- 
gation. 


so as to agitate the oil constantly, caus- 
ing better contact between the oil and 
the glow-discharge. 


First Discovery Was in 1874 


Although De Hemptinne was the first 
to produce lubricants on a commercial 
scale by the voltolization process, he was 
not the first to observe that subjecting 
oils or various hydrocarbons to electric 
discharges results in the production of 
oils having lubricating properties. De 
Wilde(4) in 1874 first reported that a 
yellow oil can be produced by condensing 
acetylene in an ozonizer. Later, Losanitsch 
and Jovitschitsch(5) subjected ethylene 
to silent electrical discharges and _pro- 
duced thick yellow oils boiling between 
200-260° C. and believed to have the 
general formula C,,Ho.. In 1905, Col- 
lie(6) reported that by subjecting ethyl- 
ene to voltolization, a mixture of hydro- 
carbons boiling from 60° C. upwards can 
be produced. Continuing work along 
these lines, Demjanov and Prianischin- 
kov(7) subjected ethylene to silent dis- 


charge of 12000-13000 volts in order to 
produce a lubricating oil. 

The voltolization of organic materials 
can be accomplished by electric sparks, 
arc, silent discharges, ultra violet rays, 
etc. According to Nernst and De Hemp- 
tinne,(8) oils subjected to electrical 
charges split into positive and negative 
ions and these ions travel toward the 
corresponding electrodes similar in man- 
ner to the ordinary dissociation of in- 
organic compounds. Thus, ionization of 
hydrocarbons occurs which causes a 
splitting into hydrogen and unsaturated 
hydrocarbons to take place. This is 
followed by electronic bombardment of 
the hydrocarbon atoms, which causes a 
cracking reaction to take place. The 
residues then polymerize to molecular 
complex of considerable size which re- 
sult in the improved oil products. 


Several Factors Involved 


Many variable factors are involved 
when subjecting materials to electrical 
pyrolysis. The type of material treated, 
the type and intensity of electrical energy 
used, the kind of electrodes employed, 
the temperature and pressure of the re- 
action—all play a vital part in produc- 
ing the final end product. 

When a hydrocarbon is subjected to 
the action of silent electrical discharges, 
the weakening of the hydrocarbon chain 
depends upon the strength or voltage 
of the discharge. With aromatic and 
naphthenic type oils, more electrical 
energy is required than when using paraf- 
finic oils. Temperature is an important 
factor in the voltolization process, and - 
it has been observed that the higher the 
temperature, the better the reaction. 

De Hemptinne(®) produced lubricating 
oils by hydrogenation of unsaturated com- 
pounds under the influence of silent elec- 
tric discharge. The apparatus used con- 
sisted of a suitable vessel having a series 
of revolving metallic discs partly im- 
mersed into material such as mineral oils 
and their mixtures, which are hydrogen- 
ated, and the discs intermittently con- 
nected to the poles of high tension alter- 
nating current. De Hemptinne in a 
British patent(19) also disclosed that it 
is not necessary to use mixtures of vege- 
table and mineral oils to produce lubri- 
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cants by the voltolization process, and 
that by adding to a fresh mineral oil 
a small amount of polymerized oil pro- 
duced by exposing an oil to an electric 
discharge under reduced pressure until 
the oil has attained a desired viscosity, 
the entire oil mixture is polymerized 
rapidly and a lubricant of desired viscosity 
is produced. The process is repeated 
with a charge of fresh mineral oil. 


Ossay Oils Were a Modification 


The famous “Ossay”(11) lubricating 
oils produced by the Oil Works Stern- 
Sonneborn in Germany during the first 
World War were a modification of this 
process. To produce Ossay oils, a small 
amount of pure mineral oil was voltol- 
ized until a gelatinizing point was reached. 
A certain amount of this oil was re- 
moved and a fresh mineral oil added 
and also voltolized to a_ gelatinizing 
point. 

In order to improve the quality of 
lubricating oils, Ellis2) treated the oil 
with: ultra-viclet light to remove fluores- 
cence or bloom. The gumming agents 
present in the oil also appear to be poly- 
merized, forming saturated and unsatur- 
ated bodies which become useful lubri- 
cants. 

A “Voltol” lubricating oil(13) can be 
produced by hydrogenating the unsatur- 
ated constituents of mineral oils under 
a pressure of 0.9 atm. The unsaturated 
constituents are produced by subjecting 
the oil to silent electric discharges of 
4300 to 4600 volts and 19 to 23 amperes. 
Another “Vcltol” lubricating oil was 
prepared from kerosene(14) by subject- 
ing it to an alternating current of 4500 
volts in horizontal vessels. A pressure 
of 60 cm. mercury is maintained in the 
vessel and hydrogen is passed through 
the oil mixture until a lubricating oil of 
a desired viscosity is attained. 


Use of Hydrogen Cuts Costs 


Generally, voltolization of pure hydro- 
carbons to produce lubricants has proved 
uneconomical because the process is too 
slow. However, with the discovery that 
by the introduction of hydrogen during 
the voltolization treatment of hydrocar- 
bons, lubricating oils can be produced 
economically, Voltol oils came into their 
own. Lubricating oils can be produced 
by introducing hydrogen to turpentine 
oil, coal-tar benzol, and other unsaturated 
oils during voltolization. Still another 
way of producing Voltol oi1|5) is by 
treating mineral oil with high tension 
electric current at 60-80° C. 


Eichwald(16) produced lubricating oil 
from low temperature tar by removing 
the paraffin and phenol from the tar 
and subjecting the distillate to an electric 
discharge. Ejichwald(17) also produced 
lubricating oils by subjecting mineral oil 
to the action of an alternating current. 
\ccording to Eichwald, during this proc- 
ess hydrogen is caused to split off and 
combine with the unsaturated consti- 
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Mr. Pritzker wrote as follows: 


and jncrease in viscosity. 


treme pressure properties. 


gives greater control to the process.” 





WHAT VOLTOLIZATION DOES 


In response to a request from the editors of PETROLEUM ProcessinG for 
further information on the nature of voltolization processes and how they work, 


“The action of glow-discharges on oil is not fully understood. However, it 
is known that through voltolizing oils attain increased lubricating properties. 
When vegetable and animal oils are voltolized they lose their characteristic odor 


“It is believed that by this process the unsaturated molecules are acted 
upon and polymerization takes place. Thus, low molecular weight olefins can be 
converted to high molecular weight hydrocarbons in the lubricating range. These 
materials can be further treated by introducing polor bodies so as to increase the 
lubricity of the product, or can be reacted with sulfur and the like to impart ex- 


“Voltolization also aids in hydrogenation of unsaturated compounds and 








tuents of the hydrocarbons. This pro- 


duces a building up or polymerization of 
the product into the desired lubricant. 
Eichwald(18) later discovered that lubri- 
cating oils could be produced by voltol- 
izing crude low temperature tars obtained 
from large lignite deposits in Germany. 
He also found that no voltolizing glycer- 
ides of fatty acids, the glyceride portion 
of the molecule was unaffected and the 
resultant product proved to have good 
lubricating properties. 


Mercury Vapor Rays Aid Process 


Goldstein(19) disclosed that by sub- 
jecting petroleum hydrocarbon to the 
action of light of short wave length, such 
as is obtained by the use of a mercury 
vapor lamp, polymerization occurs and 
a lubricant is produced. A French pat- 
ent(29) discloses that by subjecting hy- 
drocarbon gases to the action of a high 
tension electric field in the presence of 
a tin catalyst and at pressures above 1 
atm., a good lubricant is produced. 


Lubricating oils were also obtained 
from coal tars,(21) mineral oil, or other 
carbonacecus materials, extracting or de- 
structively hydrogenating the solid ma- 
terials, or cracking or destructively hy- 
drogenating the liquid, and exposing the 
liquid produced, or its fractiors, to the 
action of high tension, high frequency 
electric current. Epner(22) obtained lubri- 
cating oils by subjecting methane gases, 
gases containing methane, gases obtained 
in cracking hydrocarbons, or ethane or 
ethylene from coke-oven gases to the 
action of alternating electric field and 
high frequency and voltage and then 
hydrogenating the product. 


Use High Voltage and Vacuum 


Wolf(23) disclosed that lubricating oils 
can be produced by subjecting mineral 
oils to a glowing electrical discharge, 
alternating current at 5000 volts, 80° C., 
and at a vacuum pressure of 60-70 mm. 

Rabek(24) in an article describes a 
Pclish continuous process of producing 
lubricating oil by subjecting a blend of 


mineral oil and vegetable oil to a high 
frequency electric current. 

By subjecting mineral oil to high ten- 
sion electric alternating currents of fre- 
quencies between 500 and 1000 cycles(25) 
under an absolute pressure of 0.01 atm., 
the viscosity of an oil can be increased 
and a good lubricating oil product thus 
secured. Siemens and Hahske(?6) pro- 
duced lubricants by voltolizing mineral 
oils in the presence of air rather than 
in inert atmospheres with a high fre- 
quency alternating current of 1000 cycles 
per second. By condensing butane gas 
by electrical means, Lind and Glock- 
ler(27) produced liquid fractions of vis- 
cous oil. 

Taylcr(28) polymerized ethylene in a 
quartz vessel containing mercury vapor 
in the presence of liquid mercury, and 
the system was thereafter exposed to 
the light of a cooled mercury arc to pro- 
duce a heavy oily material. 

Viscous oils having good lubricating 
properties were obtained by subjecting 
alkylated naphthalenes(29) to the action 
of silent electric discharges. The lubri- 
cant was produced by passing alkylated 
naphthalene through an ozonizer under 
reduced pressures and passing an alter- 
nating electric current through the liquid. 


Find Olefins Can Be Converted 


Volmar and Hirtz(39) observed that 
when olefins are subjected to silent elec- 
tric discharges and the product then 
hydrogenated, saturated hydrocarbons of 
ten carbon atoms are formed. This satur- 
ated material had good lubricating prop- 
erties. It has been observed also that 
amylene(?1) vapors, when mixed with 
hydrogen and treated with an electric 
discharge in an ozonizer are converted 
into liquid saturated hydrocarbons of the 
type C,H,>. 

Lubricating oils which are oxidation 
resistant and which have little tendency 
to deposit carbon in an engine were 
produced by the “Elekton”(32) process 
which comprised subjecting oils to elec- 
trical discharges under very high tension. 

An interesting review article on elec- 
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ALCOA ALUMINAS are versatile chem- ALCOA FLUORIDES are used in 
icals. They are used as hard-biting abra- the production of glass, alumi- 
sives .. . high-temperature refractories num, vitreous enamels and 


. . . catalyst carriers .. . used for drying chemicals . . . for laundry com- 
gases and liquids . . . making both pounds... preserving wood ... 
rubber and ceramics tough and strong. plating and heat treating metal. 


We shall be glad to tell you more about this family of chemicals, 
and how they might be useful in your business. Call your 
nearest Alcoa sales office, or write ALUMINUM COMPANY OF 
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trical treatment of oils is presented by 
Nash et al.(33) in which the work of 
Berthelot on electrical treatment of pro- 
pylene is discussed, as well as the methods 
of Demjanow and Prianishnikov in ob- 
taining an oil from electrical treatment 
of ethylene. The electronic bombard- 
ment theory of Eichwald also is discussed, 
as well as the disclosure that lubricating 
oils can be produced by treating alkylated 
naphthalenes or halogenated paraffins 
with silent electric discharges. Mention 
also is made of the fact that voltolizing 
materials in the presence of powdered 
coal reduces the voltolization time. 


High Frequency Currents Used 


Pier(34) discloses the production of 
lubricating oils from coal, tar, mineral 
oil, etc., by converting the material to 
a liquid phase and treating the liquid 
with high frequency electric currents, 
preferably high tension currents. The treat- 
ment is carried out in the presence of 
finely divided carbonaceous materials; 
the voltage used varies from 2000-12000 
volts. 

Petrov and Bogoslovskaya(3?5) studied 
the effect of silent electric discharges on 
various hydrocrabons, such as cracked 
and straight run kerosene, octylene, hexa- 
diene, dodecane, decalin, cumene, and 
alkylated naphthalene. Their conclusion 
was that some of the materials which 
result from such treatment possess good 
lubricating properties. Tarasov (36) studied 
the effect of electric discharges on cracked 
kerosene in a Siemens ozonizer when elec- 
tric current was varied. 


Tanneberger(37) produced lubricating 
oils by subjecting methane to an electric 
arc treatment and compressing the ma- 
terial to 10 atm. and removing the water 
as it was formed during the reaction. 
Henry(38) produced lubrication oils by 
vaporizing hydrocarbons in a field gener- 
ated by electric light ray and electric 
wave coils in the presence of nickel and 
other metallic catalysts. 


Oils from Paraffin Waxes 


Lubricating oils can also be produced 
by subjecting paraffin wax hydrocar- 
bons(39) having a molecular weight of 
330 to 350 to treatment with a silent 
high frequency electric discharge. In or- 
der to produce a lubricant, Woods(4°) 
subjected blends of crude scale wax and 
waxy Mid-Continent overhead oil to the 
action of silent electric discharges under 
reduced pressure. 


To produce hydrocarbon oils, Michot- 
Dupont(41) heated coal or similar solid 
combustible materials to 500° C. to drive 
off the volatile ingredients. The tem- 
perature was then raised to 900° C. to 
produce a semi-coke, and the gases pro- 
duced, such as hydrogen, methane, car- 
bon monoxide, carbon dioxide, and ben- 
zol, toluene, xylene, etc., were conducted 
to a suitable vessel. The coke was 
treated with steam to produce water- 
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gas and conducted to a gas vessel. Hy- 
drogen was introduced into the vessel 
at atmospheric pressure and temperature 
of from room to 600° C. This material 
was subjected to the action of a static 
field of 80,000 to 100,000 volts, ultra- 
violet light in the presence cf nickel 
and tin admixed with mercury. 


Study Influence of Electrodes 


An interesting article on voltolization 
of kerosene and various other hydrocar- 
bons is that of Margolina, et al.(42) The 
influence of gas such as hydrogen, ni- 
trogen, and air is discussed, as well as 
the influence of various electrodes such 
as aluminum, iron, and glass, and the 
effect of the tension and frequency of the 
current upon the properties of the final 
product. 

Wiezevich(4) produced synthetic lu- 
bricants by voltolizing diphenyl or other 
aromatic compounds by subjecting them 
to the action of silent electric discharges. 
To improve the viscosity of these prod- 
ucts, polymers of isobutylene, hydrogen- 
ated poly-vinyl acetylene, polychlorprene, 
poly-vinyl esters, resins, such as glyptals, 
bakelite resins, petroleum resins, thickened 
glycerides, poly-ashydrides, and their es- 
ters, lactones and lactides were added. 
Wiezevich'44) also produced synthet'‘c 
lubricating oils by heat treating or sub- 
jecting to s‘lent electric discharges or- 
ganic esters and then hydrogenating them 
in the presence of catalysts or halogenat- 
ing the product and adding sulfur to it. 
The esters which were thus treated were 
dibutyl phthalate, tricresyl phosphate, 
ethyl dibenzyl malonate, butyl acetyl] 
ricinoleate, ethyl I’noleate, methyl cyclo- 
hexanol stearate, benzyl benzoate, etc. 


By subjecting a waxy petroleum lubri- 
cating oil to ultra violet light, such as 
from a mercury vapor lamp, Liberth- 
son(45) produced low pour point oils. 


Employ Friedel-Crafts Catalyst 


Pier(46) produced synthetic lubricating 
oil by polymerizing in the presence cf a 
Friedel-Craft catalyst such as aluminum 
chloride, zinc chloride, ferric chloride, and 
substances which prevent or hinder oxi- 
dation, such as elemental sulfur, amino 
compounds, organic oxygen compounds of 
mineral oil, tars, their distillation prod- 
ucts, or cracked or destructive hydrogen- 
ation products of coal. He used also 
hydrocarbons of high molecular weight 
rich in hydrogen, such as hard and soft 
wax, crude paraffin wax, ceresine, ozoker- 
ite, petroleum jelly,+or highly viscous 
lubricating oil, or crude lubricating oil 
or alcohols of high molecular weight, such 
as cerylalcohol, organic acids of high 
molecular weight, as, for instance, cerotic 
acid or esters of high molecular weight, 
montan wax, beeswax, or glvycerides of 
such fatty acid as stearic, palmitic, and 
oleic acids, such as fats or train oils, 
which can be polymerized to produce 
lubricating oil. Gaseous olefins, such as 
ethylene and isobutylene, may also be 
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co:.densed to lubricating oils. These ma- 
terials can be voltolized, e. g., by treat- 
ment with silent electric discharges of 
high voltage and high frequency, to pro- 
duce synthetic lubricating oil. 

By subjecting mixtures of carbon mon- 
oxide and hydrogen‘47) to the action cf 
silent electric discharges at high fre- 
quency, lubricating oils can be produced. 
Lubricating oils can also be produced 
by voltolizing paraffinic and nonparaffinic 
components of mineral oil(48) in the 
presence of synthetic glycerides or by 
admixing the voltolized product with 
rapeseed oil or the like, or voltolizing 
a blend of the materials. 


Improve Synthetic Oils 


Tilton(49) improved the properties of © 


synthetic lubricating oil by subjecting 
the oils to silent electric discharges. The 
precess was conducted in a Siemens 
ozonization tube cr in a Trommel type 
voltolizer in which a thin film of oil was 
continuously passed between electrodes 
in a reaction chamber maintained under 
an absolute pressure of about 2-10 or 
20 cm. of mercury with an electric po- 
tential of about 1000 to 10,000 volts or 
more at a frequency of about 500 to 
10,000 cycles per second. It is known 
that the lubricating properties of non- 
paraffinic oils boiling at about 400° F. 
can be improved by treating them with 


- silent electric discharges. 


Clemens‘5®) produced lubricating oils 
by voltclizing solid and liquid oily ma- 
terials, such as refined mineral oil, using 
a direct current at a temperature ranging 
from —100 to +450° F. Matheson(51) 
produced lubricants by subjecting oils 
and waxes to the action of silent electric 
discharges using metal electrodes coated 
with solid organic dielectric materials 
in order to prevent any contact of the 
materials treated with the electrodes. 


E‘chwald‘52) produced lubricating oils 
by treating polyesters of unsaturated 
aliphatic acids and mono or dihydric al- 
cohols either saturated or unsaturated in 
admixture with semi-drying or poorly dry- 
ing or non-drying fatty oils with boron 
flouride or by electrical voltclization. 


Mix Hydrocarbons With Fats 


Pier,(53) by subjecting paraffin waxes, 
petrolatum, or by mixing these hydro- 
carbons with fats, fatty oils, alcohols, 
esters, and acids such as stearic, palmitic, 
or oleic, and condensing these materials 
by means of silent electric discharges, 
produced lubricating oil. By wax Pier 
meant materials of wax origin obtained 
frcm mineral oil or brown coal and solid 
isoparaffins such as Palembany wax or 
dehydrogenated paraffin waxes. 

Franceway(54) produced low pour 
point lubricating oil by polymerizing 
straight chain hydrocarbons of 10 or 12 
carbon atoms or more, or alcohcls, esters, 
ethers, acids, and ketones containing at 
least 10 carbons, by applying high ten- 
sion electric discharges to the material. 


The process is carried out under reduced 
pressure and high voltages of 10,000 to 
15,000. 

By subjecting olefins to the voltolization 
process, Rosen‘55) produced lubricating 
vil. The initial material was deyhdro- 
genated by chemical action and then 
polymerized by voltolization. For ex- 
ample, petrolatum and paraffin wax were 
rendered unsaturated by chlorination and 
dechlorination or dehydrogenation by 
heating in the presence of catalysts such 
as alumina, active clay, etc. The ma- 
terial was voltolized by the action of high 
tension silent electric discharges. The 
heat liberated in the reaction zone was 
between 100-300° C., and the process 
can be carried out in the presence of 
hydrogen, carbon monoxide, carbon diox- 
ide, oxygen, air, or in the presence of 
sulfur, halogen, H,S, phosphorus, boron 
fluoride, ketones, etc. 


Produce Oxidation Resistant Oils 


Sweeney (56) produced oxidation resist- 
ant lubricating oil having high viscosity 
and VI by segregating and hydrogenating 
materials secured from solvent extraction 
agents having a preferential selectivity 
for compounds having a low ratio of 
hydrogen to carbon, and voltolizing the 
hydrogenated material. 


Schick disclosed(57) that synthetic lu- 
bricating oils produced by the Fischer 
Process can be improved by subjecting 
the oil to an electric field and separating 
the precipitate formed from the oil. 


Pier(58) produced lubricating oil from 
initial materials containing 13.5 to 15 
parts of hydrogen for each 100 parts of 
carbon; these materials should have a 
mean molecular weight of at least 170. 
Examples of such materials are saturated 
and unsaturated liquid, semi-solid, or 
solid paraffinic hydrocarbons of high 
molecular weight (250) rich in hydrogen, 
and boiling above 250° C.; they may 
come from any origin, such as by the 
low temperature carbonization of brown 
coal or shales or by destructive hydro- 
genation of coals, tars, mineral oil, etc., 
or prepared by reduction of oxides of 
carbon with or without the aid of ele- 
mental phosphorus or by condensation 
of constituents of gases obtained from 
cracking or low temperature carboniza- 
tion processes or mixtures of the said 
initial materials. By treating hydrocar- 
bons of low molecular weight with high 
frequency electrical currents, lubricants 
can also be produced. 


Mix Waxes and Fats 


By subjecting paraffin wax and similar 
waxes or their mixtures with fats, fatty 
oils, high molecular weight alcohols, es- 
ters, acids, to the action of silent electric 
discharges, Pier(59) produced lubricating 
oil. For example, ceresine was treated 
by Pier at 80-100° C. in a Siemens ozoni- 
zation tube at a pressure of 5-10 mm. 
(Hg. gauge) with electric discharges at 
about 7,000 to 10,000 cycles from 25 to 
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30 hrs. After 20 to 22 hrs., hard paraffin 
wax was added as a dilutent. The result- 
ing mixture was subjected to vacuum 
steam distillation up to 280° C. to pro- 
duce the desired lubricant. 


Voltolized oils possess many outstand- 
ing and desirable lubricating properties. 
They ensure excellent performance in 
internal combustion engines, high pres- 
sure compressors, superheated steam cyl- 
inders, marine engines, etc., because of 
their ability to remain fluid at relatively 
low temperatures and yet retain their 
viscosity at relatively high ones. Voltol 
oils are also very stable to heat and oxi- 
dation and in combustion engines deposit 
very little carbon or sludge in the oil 
sump. Deposits of sticky or hard residues 
usually noted on cylinder walls and valves 
of engines are generally absent when vol- 
tol oils are used. 
that the addition of a voltol oil to a 
mineral oil results in a very flat viscosity 
curve which is especially useful in the 
lubrication of airplane engines, internal 
combustion engines, and wherever wide 
temperature lubrication is required. 


Reduce Frictional Heat 25 to 55% 


Due to their ability to form tenacious 
lubricating films on the surface lubricated, 
it has been noted that frictional heat 
is reduced from 25 to 55% and the effi- 
ciency of machines increased to a re- 
markable degree. Furthermore, it has 
been noted that voltol oils possess greater 
friction-reducing properties than any 
other animal, vegetable, or mineral oil 
of equal viscosity. 


Both hydrogenation and voltolization 
of hydrocarbons, various oils, and organic 
materials form a large and important 
field for the production of lubricating 
products. The importance of develop- 
ing and improving methods of produc- 
ing synthetic lubricants by these proc- 
esses cannot be over-estimated, even in 
a country like ours, which is the largest 
and most efficient producer of lubricat- 
ing materials. 


Lubricants are the life blood of ma- 
chines, without which the wheels of 
industry and the machines of war cannot 
turn. It is of the utmost importance, 
therefore, that along with the commercial 
development of these processes for pro- 
ducing lubricants, fuels, etc., careful and 
exhaustive research should be conducted 
in order better to understand the various 
chemical and physical changes which oc- 
cur during hydrogenation and voltoliza- 
tion reactions in order to develop better 
and more efficient methods of produc- 
ing lubricants, fuels, etc., by these proc- 
esses. 


Possibilities of Atomic Energy 


Since the introduction of atomic energy, 
there has been a. great deal of talk to 
the effect that coal and, oil as sources 
of energy will soon be outmoded. Whether 
atomic energy can be harnessed and 
made commercially available in the near 


It has also been noted . 


future is difficult to say. However, it 
is only in conjunction with a lubricating 
oil film that machines will be able to 
continue to operate. Therefore, it does 
not appear that the importance of lubri- 
cants will be diminished. 

Our energy and ingenuity must never 
be relaxed in the search for new and 
better lubricating products. 
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GAS RECOVERY 





HYPERSORPTION Process for Separatiof! 


fey TPERSORPTION is essentially a 
fractionation process employing 
a moving bed of activated carbon to 
adsorb hydrocarbons from lean gas 
streams. The process, developed by 
Union Oil Co. and proved in extensive 
pilot plant work, is said to be practicable 
for the recovery of highly volatile or 
low concentration gases which would 
not be economic by conventional refin- 
ing methods. 


Operating advantages cited are: (1) 
elimination of compression and _re- 
frigeration facilities used in conventional 
recovery methods; (2) low steam con- 
sumption; (3) low attrition losses in the 
carbon and (4) high degree of recovery 
and purity of product. Possible appli- 
cations include: 


_ Recovery of valuable propylene and 
butylene from gas streams produced in 
high temperature cracking. 


Recovery of C, and C, components 
from dry gas from natural gasoline ab- 
sorption operations. 

Separation of ethylene, in place of 
high-pressure, low-temperature demeth- 
anization. 


Separation of hydrogen from mixtures 
of hydrcgen, methane, H,S and heavier 
hydrocarbons, 


Some applications in the recovery of 
volatile chemicals and solvents have been 
considered. 


The basic process and economic fac- 
tors which justified the development of 
the Hypersorption process stem from the 
characteristics of activated carbon as an 
adsorption medium. 


The material is able to adsorb relative- 
ly large quantities of volatile hydro- 
carbons at low pressures. The dupli- 
cation of such recovery by alternative 
means would involve high circulation of 
absortion oil or extremely low-tempera- 


Adsorption of hydrocarbons from lean gas streams by the use of a 
moving bed of activated carbon, the Hypersorption process, achieves re- 
coveries that would not be economic by conventional methods. Retentive 
qualities of activated carbon—compared to absorption oil they are as high 
as 90 to 1— are the basis of the process. Circulation of the carbon is by 
incorporation of a gas lift system in the hypersorption unit. 


Pilot plant studies show low attrition losses in carbon, low steam con- 
sumption and high degree of purity. A wide range of applications in re- 
fineries and gasoline plants is indicated by the development work on the 
process. Union Oil Co. of California is the sole licensing agent for the 


Hypersorption process. 


ture fractionation operations. This is 
illustrated in Table 1, showing the com- 
parable retentions of activated carbon 
and a 200-molecular weight absorption 
oil, and the respective boiling points 
of the light hydrocarbons at the pressure 
of adsorption, 


It will be seen that activated carbon 
is more effective by ratios as high as 
90 to 1. The ratio becomes more favor- 
able towards the lower pressure ranges. 
This is advantageous because separations 
directed toward high recovery and high 
purity must achieve reduction in partial 
pressure of the desired component in 
the effluent gas stream to the order of a 
fraction of a pound. 


The cost of light hydrocarbon recovery 
processes involves as a principal factor 
the utility cost required to heat and cool 
the circulating medium. The low mass 
quantity of activated carbon required for 
a given recovery with the attendant util- 
ity economies constitutes one of the 
major justifications for its use. 


The ability of activated carbon to 
retain trace quantities extends into the 
range of\heavier hydrocarbons and chem- 
‘cal compounds. The advantages of these 





TABLE 1—Retention Capacities of Activated Carbon and Absorption Oil 


60-Minute Chloropicrin Activity Cocoanut Shell Activated Carbon 


200 Molecular Weight Absorption Oil 
Temperature of Adsorption—100° F. 


Pressure ————— Retention ——_—_ Ratio of Boil. Pt. 
on Activated by Absorption Adsorption 
Carbon Oil to Absorption 
Hydrocarbon Psia Ib. /Ib. Ib. /Ib. +9. 
Methane 1 .00199 .000022 90.5 —300 
10 .0075 .00022 34.0 —268 
25 .0139 .00055 25.2 —249 
40 .022 .00088 25.0 —237 
Ethane 1 .023 .00027 85.0 —198 
10 .065 .0027 24.1 —140 
25 .090 .0068 13.2 —110 
40 .122 .0107 11.4 — 88 
Propane 1 113 .0014 80.7 —1386 
10 172 .0140 12.3 — 62 
25 .186 .0340 5.5 — 20 
40 .200 .055 3.6 — 2 
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characteristics have been recognized gen- 
erally in the use of activated carbon for 
solvent recovery and gas purification in 
fixed bed type units. 


A distinctive feature of the process 
as compared to conventional recovery 
operations is that relatively low quanti- 
ties of steam are used, on the order of 
10 to 15 Ibs. per 1000 lbs., of carbon cir- 
culated, which is a fraction of that norm- 
ally encountered. 


Attrition losses in the circulation of 
the carbon are said to be low, due to 
the free-flowing nature and homogeneous 
structure of the activated-carbon grains. 
An ultimate attrition loss rate of 0.0005% 
per cycle has been attained due to the 
design of the gas-lift system and the 
use of impactless separators in place of 
the conventional cyclones. 


The Hypersorption unit is approxi- 
mately equivalent to one high-pressure, 
low-temperature tower. It is said to elim- 
inate refrigeration and compression fac- 
ilities normally required by conventional 


. recovery systems, and operates at the 


pressure level which most conveniently 
fits in with the attendant process opera- 
tions. Pilot plant separations in the Hy- 
persorber have been characterized by a 
high degree of recovery and purity of 
products. 


Process Described 


The essential operation in the process 
involves contacting the feed gas stream 
with a moving bed of activated carbon 
which has been previously stripped and 
cooled to the desired temperature, Separ- 
ation of the components of the feed takes 
place in the contacting bed by controlled 
selective adsorption of the heavier con- 
stituents. These are then subsequently 
stripped from the carbon at an elevated 
temperature by steam. The stripped car- 
bon is returned to the top of the unit 
where it is dehydrated and cooled, then 
the cycle is repeated. 

The Hypersorption unit, shown dia- 
grammatically in Fig. 1, comprises two 
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| Light Gases 


major heat transfer sections, consisting of 
vertical tube-in-shell exchangers, separ- 
ated by adsorption and rectifying sec- 
tions with internals for introduction and 
take-off of the various gas streams. 











These component parts are assembled 
to form one vertical cylindrical column 
with a cooler at the top and stripper at 
the bottom. A gas lift system is in- 
corporated for circulating sclids from the 
bottom of the unit to the top. 


The column is filled with a bed of 
granular activated carbon, the upper 
level of which is maintained in a hop- 
per at the tcp. This continuous bed 
moves slowly downward, and the circu- 
lation is controlled by the rate of release 
of the carbon from the base of the col- 
umn into the lift system. 





The carbcn passes down from the hop- 
per through vertical tubes where it is 
cooled pricr to entrance to the adsorbing 
sections below. A gas stream simultan- 
eously flows countercurrent to the car- 
bon passing through the cooler and 
serves to remove effectively any vapor 
retained on the carbon from the strip- 
ing operation, 








Feed gas is introduced through a dis- 
tribution plate near the center of the 
adsorption section and passes upward 
countercurrent to the moving bed of 
carbon. The unadsorbed ligher compon- 
ents are discharged at the top of the 
edsorption section just below the cooler. 
The activated carbon below the feed 
point, which contains the adsorbed 
heavier components, passes downward to 
the rectifying section where it contacts 
a reflux of heavy constituents liberated 
by the stripper at the bottom of the 
unit. 


This reflux serves to liberate any 
lighter constituents which may contamin- 
ate the adsorbed material. A concentra- 
tion of intermediate constituents in the 
vapor phase develops in this section and, 
if desired, a disengaging tray may be 
located at this point to remove these 
intermediates as a_ sidecut, 


The carbon flows downward through 














Hypersorption pilot plant at Un- 
ion Oil Co. of California. Large 
cylindrical vessel at upper cen- 
ter contains adsorption, rectify- 
ing, and stripping sections. Pipe 
immediately to left of this vessel 
returns reactivated carbon to top 
of the unit 
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POWER-WISE BLENDERS USE 
WARREN STABILIZED NATURAL GASOLINE 


When a refiner blends his gasoline with natural, there are certain 
qualities he wants to add—Qualities which make better gasoline, 
qualities which are demanded by the tempo of today’s fast 
moving transportation and industry. Some of these qualities are 
quick starting. pep, power, higher octane, smooth acceleration, 
uniformity and correct volatility. Warren Stabilized Natural 
Gasoline has these plus qualities. 


BEFORE YOU CONTRACT — SEE WARREN 
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Fig. 2—Construction details of engag- 
ing and disengaging trays 


a lower disengaging section and into 
a short steaming section directly above 
the stripper proper. There it meets an 
upward flow of steam liberating the ad- 
sorbed heavier components which are 
either produced as bottom product gas 
or returned to the rectifying section as 
reflux. 


Steam introduced below the stripper 
passes countercurrent to the carbon flow 
in the vertical stripper tubes, through the 
steaming section, and is discharged with 
the bottom product gas. The increase 
in temperature of the carbon throughout 
the steaming and stripping section is 
gradual, with the highest temperature 
attained at the base of the stripper. Most 
of the adsorbed materials are removed 
before the carbon passes through the 
stripper tubes proper. 


Carbon Flow Carefully Controlled 


The flow of carbon leaving the base of 
the unit is controlled by a specially de- 
signed feed mechanism which gives 
positive control of the flow distribution 
in the cross section of the unit. The 
carbon drops from this mechanism into 
a sealing leg which restricts the flow of 
Steam into the lift system. It is then 
transported to the top of the tower and 
fed into the hopper. 


_ For the purpose of maintaining a high 
level of activity, a reactivation unit is 
provided which circulates a small stream 
of carbon in parallel with the hypersorber, 
and carries out a_ high-temperature, 
steam-stripping operation to remove any 
accumulation of heavy residual hydro- 
carbons on the adsorbent. 


The adsorption of gas on activated 
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carbon is exothermic and, since heavier 
components are more readily adsorbed 
than lighter constituents, the temper- 
ature of the carbon bed is characteristic 
of the composition of the materials 
being adsorbed at any given point. Con- 
trol of the separation jn the unit util- 
izes this principle, 

The sidecut and bottom make gas 
streams are governed by automatic tem- 
perature controllers which operate on 
the rather substanial temperature breaks 
corresponding to the separation points 
between the various classes of compon- 
ents being treated. 


The basic concept of the design of the 
hypersorption unit is predicated upon 


positive control of the motion of solids 
in the unit. ‘All the flow paths have been 
designed so as to be symmetrical across 
the area of the unit and to permit 
virtually vertical downward motion of 
the solids with mininum opportunity for 
channeling or unequal distribution. 


The internals of the unit, consisting 
of engaging and disengaging trays, are 
constructed with a similar view and 
consist of circular plates having sym- 
metrically placed downspouts through 
which the solids pass and under which 
the gases are permitted to engage or 
disengage. Typical construction js shown 
in Fig, 2. The respective amounts of 
area inside and outside the downcomers 











COOLER- 
ADSORP _— 
) i 


SECTION 





FEED 








N 


RECTIFYING 


SECTION ———> 
| & 








STEAMING 
SECTION -| —_, p SUD 











eT 


FEEDER 7 |SIEAM 


























DISCHARGE 


_— 

















Fig. 1—Diagram of Hypersorption unit. Flow is indicated by arrows 
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Fig. 3—Construction details of flow con- 
trol mechanism 


are proportioned jn accordance with the 
flow quantities of gas being removed or 
introduced. A number of inlet or outlet 
points is employed around the ring tube 
to minimize pressure drop in the gas 


100 





distribution across large diameter trays. 


The flow ccntrol mechanism at the 
bottom of the stripper is of the positive 
displacement type, assuring equal flow 
throughout the cross-sectional area. As 
illustrated jn Fig. 3, it consists of a 
circular tray supported at three points 
and given an oscillating motion. 


The tray has a number of downspouts 
which serve as pockets for the convey- 
ance of solids. When in one extreme of 
its motion, alternate downspouts of this 
tray are in position to be filled by 
the delivery tubes in the fixed tray above. 
These pockets do not discharge, because 
in this position they are sealed by the 
tray below. As the tray moves to the 
oppcsite extreme in its travel, these 
downspouts pass into position over dis- 
charge holes in the tray below and are 
emptied, 


Similar to Convention Fractionation 


The separation of hydrocarbons in a 
Hypersorption unit js a fractionation pro- 
cess involving the countercurrent contact- 
ing of the hydrocarbon ccmponents in the 
two phases, and is quite analogous to 
the conventional multi-component frac- 
tionation processes. 

The factors of reflux ratio, stage num- 
ber, and variable molal flow of phases 
are of importance, together with con- 
trolling adsorption effects of activated 
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carbon which dictate the relative volatil 
ity of the components and thereby th« 
separations occurring in each stage oi 
contact. 


Fig. 4 shows a typical vapor-pressur¢ 
chart for propane in which temperature 
and percent saturation of the carbon are 
the determining variables. The factor 
“percent saturation” represents the per- 
cent of the available adsorption volume 
filled by the liquefied hydrocarbon 
phase. In the case of hydrccarbons above 
their critical temperature, this term re- 
fers to the volume occupied by the 
high density, adsorbed gas phase. 


The design of a column for the separ- 
ation of hydrccarbons reduces itself to 
a calculation analogous to that involved 
in multicomponent fractionation for the 
case of variable mclal overflow with the 
added variable of change in relative 
volatility of the components jn each stage 
es a function of the quantity and com- 
position of the adsorbed phase, For 
every separation a mininum reflux ratio 
and mininum number of stages are re- 
quired. 


In Fig. 5 is presented a plot of stage- 
wise calculations evaluating the separ- 
ation between ethane and propane in a 
Hypersorption bed, feeding a lean gas 
stream consisting largely of methane and 
C,, with heavier components being pres- 
ent in a relatively small quantity. The 


Fig. 5—Plot of stagewise calculations for separation of 


ethane and propane 
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Fig. 4—Vapor-pressure chart for propane 
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Invaluable for Refiners Who Want 
Equipment that Lasts Longer 


Do you know what metals are best suited for pressure ves- 
sels, heat exchanger tubes and valve trim in severe service? 


Do you know what metals are not? 


“Materials to be avoided are divided into three classes,” 
report M. E. Holmberg and F. A. Prange of PHILLIPS PETRO- 
LEUM COMPANY in their article, Corrosion in Hydrofluoric Acid 
Alkylation. The details follow, exactly as originally written. 
Nothing abridged. 


This important reprint also contains photographs, tables 
and metallurgical information of permanent value. 


Among the items discussed are . . . the effects of protective 
films and scales . . . the significance of time, temperature and 
the velocities of HF acid streams . . . a means of avoiding 
failure at threaded joints of small-size pipe ...asimple WHO 


test for bull plugs and swage nipples... DON'T DELAY— Mail t } is Coupon today! _ 





Yes, all this and more, reprinted for your convenience. A 
copy of Corrosion in Hydrofluoric Acid Alkylation belongs in 


The International Nickel Company, Inc. 
your files where you’ll have it handy for ready reference. 


67 Wall Street, New York 5, N. Y. 


This authoritative paper is free, and the handy coupon 
at the right will bring it to your desk by return mail. But 
hurry, please, for our supply is limited. 


By return mail, please send me the useful 
reprint, Corrosion in Hydrofluoric Alkylation. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N.Y. 
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LUBRICANTS — GAS ANALYSIS 
PROCESS CONTROL — ECONOMICS 


Add These Latest Books to 
Your Library of Valuable Technical Information 


Lubricants and Cutting Oils for Machine Tools 


Covers the fundamentals of lubrication and the application of numerous types 
of cutting oils in relation to machine tool operations . . . Discusses the vari- 
ous properties of lubricating and machine oils, their relative importance, 
and methods of testing, as well as their composition, compounds and blends, 
Suggests points to be covered when specifying lubricating and cutting oils. 
Deals with lubricating greases . . . Prescribes treatment and offers suggestions 
for the prevention of skin diseases resulting from contact with lubricants . . . 
..90 pages, $1.75 


(By W. G. Forbes) 


Lubrication of Industrial and Marine Machinery (8y W. G. Forbes) 


Discusses principles of lubrication for common types of engines and machines, 
with descriptions, explanations and analyzations of everyday lubrication prob- 
lems . . . Covers mechanics of lubrication, fundamentals of production, tests 
and specifications for lubricating oils, and methods of applying lubricants. 
(Slaves con tl ede ba stawaekeeaseuel 314 pages, $4.00 


Instruments and Process Control (By R. E. Clarridge, 
J. S. Detwiler, G. E. Heller, R. N. Pond and B. C. Delahooke) 


Written in layman’s language, this monograph was prepared in the Curriculum 
Laboratory at Cornell University in .cooperation with the Taylor Instrument 
Company . . . Explains industrial processes and the measurement and control 
of their variables . . . Defines common instrument terminology . . . Discusses 
basic control theory, simple controllers, controller mechanisms, and the ap- 
plications of controllers . . . Contains over 200 illustrations, photos and draw- 
ings .. . Well prepared and easy to read . . . Reproductions of 233 typewritten 
pages 8% x ll, paper cover and plastic bound ..................... $2.75 


Gas Analysis and Testing of Gaseous Materials (By V. J. Altieri) 


Newest comprehensive book of standards for sampling, analyzing and test- 
ing gases and their mixtures . . . Brings under one cover the published tech- 
nical literature on this subject as well as the personal experiences of men 
in the field . . . Gives details of safety and accident prevention . . . Contains 
20 well-illustrated chapters, also tables and a bibliography. Includes name and 
subject indexes and an appendix of valuable technical material, much of which 
is in tabular or graphic form and pertains to physical constants data, properties 
of gases and various correction and conversion factors. .......567 pages, $7.50 


When The Oil Wells Run Dry 


Presents in a readily understandable and interesting manner, the important his- 
torical, social, political, and scientific oil facts from the dawn of civilization to 
the present day . . . Explains part oil plays in international politics, in world 
economy . . . Discusses the industry in the U. S., our government oil policy, and 
the prospects of discovering new fields in the future . . , Deals with the tech- 
nology of production and refining, including information on the processes of 
synthesizing petroleum . . . Tells of the present and future sources of power, 
correlating power from oil, coal, water, the sun, the wind, and the atom . 


sip kate w cecnien oe 447 pages, $3.75 


(By Walter M. Fuchs) 


Mail your order for the above books to: 
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1213 WEST THIRD STREET CLEVELAND 13, OHIO 
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compositions of feed and _ productio; 
streams are given in Table 2. 


Other Separations 


Pilot plant operations have included 
the separation cf hydrogen from mix 
tures of hydrogen, methane, hydrogen 
sulfide and heavier hydrocarbons, Ga: 
streams of this character are obtained 
from hydroforming plants and _ special 
cracking operations. In the separation 
of hydrogen from such streams, a once- 
through operation is employed, hydrogen 
being taken overhead and methane and 
heavier hydrocarbons recovered as _ bot- 
toms product from the unit. As shown in 
Table 3, it will be noted that a very 
high-purity hydrogen is readily obtained 
in this operation. 

In the purification of ethylene, the 
Hypersorption unit takes the place of 
the high-pressure, low-temperature de- 
methanizer used in the conventional 
plant. Normally a sidecut containing 
the C, components is taken off the 
hypersorber. Methane and hydrogen are 
produced as overhead, and C,’s and C,’s 
are produced as bottoms, Typical separ- 
ations of ethylene in pilot plant opera- 
tions both with and without sidecutting 
are shown in Table 4. In these separ- 
ations a recovery of 98% (or better) 
of the etheylene in the feed stream is 
usually obtained. 

If the C, content of the feed stream 
reaches a high value, appreciable con- 
tamination of the sidecut stream with 





TABLE 2—Composition of Streams in 
Hypersorption Separation of Ethane 
and Propane (in Mole %) 


Component Feed Discharge Make Gas 
CH, 88.0 90.65 en 
MS ea ataeo 4.5 4.63 eee 
i ae 4.5 4.62 0.33 
aaa 2.7 0.10 89.37 
er 0.3 10.30 

Feed . 100 =—s mole. 
Discharge 97.09 mole. 
Make Gas .. 2.91 mole. 





TABLE 3—Separation of Hydrogen and 
Methane in Pilot Plant Operations 


Component Feed Make Gas Discharge 
Be .. .. 52.2 Trace 100.0° 
ee | 91.0 
ie “os . 2&7 5.6 
Cz ee 8.4 


® Mass spectrograph analysis. 





TABLE 4—Separation of Ethylene in 
Pilot Plant Operations 
Without Sidecutting 


Component Feed Make Gas Discharge 
eee 1.6 99.1 
a eee 49.5 85.9 0.2 
ee 5.5 9.3 0.4 
Cz és . 20 3.2 0.3 

With Sidecutting 
Make 

Component Feed  Sidecut Gas_ Discharge 
Ce «nes See 0.5 Trace 99.6 
Gc ..-. me $2.8 0.3 0.3 
Ge cone Sew 65.9 12 0.1 
Ce veac’ Oe 0.8 98.5 Trace 
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TABLE 5—Comparison of Straight and 
Rectified Sidecutting Operations in 
Pilot Plant 
Straight Sidecutting 


Make 
Component Feed Sidecut Gas Discharge 
C, .. 87.9 0.3 Trace 99.4 
Cz .. mes 57.5 0.2 0.3 
c .. 115 34.1 0.9 0.1 
Cc . 27.9 7.7 87.3 0.2 
Cc, 3.5 0.4 11.6 Trace 
Rectified Sidecutting 
Make 
Component Feed Sidecut Gas Discharge 
C; ; 37.6 2.3 : 99.6 
Co. .-.. SS 86.6 Trace 0.2 
ee 10.1 Trace 0.1 
Go ..-. SSS 0.8 99.2 0.1 
a 0.2 0.8 Trace 





TABLE 6—Recovery of C; and Cy Com- 
ponents from Absorber Dry Gas in 
Pilot Plant Operations 
Component Feed Make Gas Discharge 


C, ie 92.2 1.2 95.2 
C. , 4.6 0.7 4.7 
Cs eve 2.9 87.0 0.1 
ae 0.3 11.1 Trace 





C,’s cecurs, and it is preferable to use 
. rectified sidecut operation which em- 
ploys a modified tray construction jn 
the section below the feed point. A com- 
parison cf the separations with the two 
types of sidecutting operations on feed 
streams containing a high C, content 
is shown in Table 5. 

If complete removal of C,’s is de- 
sired a second hypersorption unit norm- 
ally will be required. If separation of 
the ethane from the ethylene is desired, 
the sidecut stream is compressed and 
ethylene separated in a small refrig- 
erated column. However, gas produced 
in high-temperature, gas oil cracking will 
irequently show a high ratio of ethylene 
to ethane and further processing of the 
sidecut stream may not be necessary. 

Gas streams produced in high tem- 
perature cracking operations, or oil 
absorber effluent streams derived from 
thermal or catalytic cracking contain 
low ccncentrations of valuable propylene 
and butylene difficult to recover by 
conventional means. 

The dry gas from natural gasoline ab- 
sorption operations normally contains 
appreciable quantities of C,’s and Cy,’s. 
The pilot plant has demonstrated high 
recoveries of these constituents. Table 6 
shows typical results obtained from ab- 
sorber dry gas. 
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Capture Waste Heat with a 


G-R STEAM GENERATOR 


In many refineries, cracking coil tar, hot gas oil, or lighter oils 
are being cooled with water, resulting in waste of heat. 


In other instances, hot gases are being discharged to atmosphere 
or their heat is not being utilized. 


Much of this heat can be recovered by using the hot material, 
liquid or gas to generate steam at boiler pressures from raw. un- 
treated water in a G-R Steam Generator. And this G-R method of 
heat recovery has additional important benefits ... it lightens 
the load on the cooling system, reduces pumping costs, and pro- 
vides an economical method of securing additional steam ca- 
pacity. 


G-R Steam Generators are available in a variety of types, either 
with submerged heating elements or with heaier type design. 
Write for full information on these heat-saving units that may ef- 
fect important economies in your plant. 


THE GRISCOM-RUSSELL CO. 
285 Madison Avenue, New York 17, N. Y. 


GRISCOM-RUSSELL 
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A.S.M.E MEETING 





Catalyst Regeneration Among Topics Covered 


At Tulsa Meeting of Mechanical Engineers 


A.S.M.E. Group Also Hears Papers on Synthetic 
Fuels, Corrosion, Power, Pumps and Other 
Refinery Equipment at Spring Gathering 


The control of catalyst regeneration in 
both the Thermofor and Fluid catalytic 
cracking processes was the subject of two 
among several technical papers of inter- 
est to refiners presented at the Spring 


Meeting of the American Society of Mechanical Engineers in 


Tulsa, March 2-5. 


Topics of other papers covering problems confronting re- 
finers and natural gasoline plant operators included: the syn- 
thesis of hydrocarbons from natural gas; testing and studying 
operation costs of centrifugal pumps; fabrication of corrosion- 


A STAFF REPORT 


by the Editors of 
Petroleum Processing 





resistant alloys; comparable fatigue tests 
of welding elbows and double-mitre 
bends; electrical and mechanical power 
requirements in oil refineries. 

Nearly every phase of mechanical en- 


gincering was considered during the four day meeting. A 


total of 23 technical papers and four general addresses were 


delivered during 13 sessions. 
registered and an estimated 350 attended the various sessions. 

Important points of some of the papers are reviewed in 
the digests presented below. 


More than 250 engineers were 





Factors in Regeneration of Synthetic Bead 


Catalysts in Thermofor Cracking Process 


“Combustion of Coke Deposit on a 
Synthetic Bead Cracking Catalyst,” 
by W. A. Hagerbaumer, Socony- 
Vacuum Oil Co., Inc., New York, 
and Russell Lee, Socony-Vacuum 
Oil Co., Inc., Paulsboro, N. Y. 


LTHOUGH there are several feas- 

ible methods for regenerating cata- 
lysts in moving bed type catalytic crack- 
ing systems, process, engineering, and 
economic considerations led to the de- 
velopment of a “multizone” type of kiln 
for use in the Thermofor Catalytic Crack- 
ing process. In the multizone kiln, coke 
is burned from the catalyst in a series 
of zones with temperature control being 
effected by cooling coils located at vari- 
ous levels in the kiln. 

Critical analysis of the problem of 
burning coke from a flowing bed of cata- 
lyst revealed the following main factors 
for evaluation: 


1. Coke Deposit: 
a) Initial carbon concentration on the 
catalyst. 
b) Fraction of the initial carbon de- 
posit remaining on the catalyst. 
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c) Relative proportions of carbon and 
hydrogen. 
2. Operating Conditions: 

a) Temperature, 

b) Air rate. 

c) Oxygen concentration. 

d) Catalyst volume in burning zone. 

The type of equipment used to study 
multistage burning of coke deposits is 
shown in Fig. 1. Coke-bearing catalyst, 
obtained from a TCC reactor, was passed 
repeatedly through an adiabatic com- 
bustion chamber until substantially all 
the carbon was burned off. 

Three combustion chambers, having 
effective catalyst volumes of 0.13, 0.26 
and 0.52 cu. ft., were used. These cham- 
bers provided 2.5, 5 and 10 min. catalyst 
residence times, respectively, at the cata- 
lyst flow rate employed. All were equipped 
for countercurrent flow of catalyst and 
air. 

In conducting the experimental work 
the initial carbon concentration was con- 
trolled at 1, 3, and 6 %-wt. and the 
atomic ratio of hydrogen to carbon in the 
coke deposit was varied from 0.3 to 1.0 
by altering the operating conditions of 
the cracking reactor. Study of the effects 


of kiln operating variables was made 
using temperatures ranging from 750 to 
1150° F. and air rates ranging from one 
to 16 cfm per cu. ft. of catalyst volume. 
All regenerations were conducted at at- 
mospheric pressure, which is substantially 
the condition in commercial TCC kilns. 

The laboratory data on the rate of com- 
bustion of carbon from flowing beds of 
bead catalyst at atmospheric pressure 
were correlated by the relation, 

W=O,, * f(T) + fo(C.) + fa(C/C,) 
where: 

W=Carbon burning rate, |b. 
carbon per hr, per cu. ft. 
of catalyst bed. 

O,,=Log mean of the oxygen 
concentrations of the 
air entering and the flue 
gas leaving a_ burning 
zone, mol fraction. 

f, (T)=empirical function of aver- 
age catalyst temperature, 


e. e 
f.. (C,) =empirical function of initial 
: carbon concentration, 
C,, %-wt. 
f. (C/C,=empirical function of the 
fractional carbon con- 
tration. 


C-=average %-wt. carbon on 
catalyst in a_ burning 
zone. 

Preliminary examination of the data 
revealed that for approximately constant 
conditions of temperature, initial carbon 
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het the Facts on Hooker Chemicals 
from our New heneral Products List 


We’ve increased the size of our 
General Products List from 4 to 20 
pages. Several new products have 
been added and you will want to be 
brought up to date on our chemi- 
cals. The increase in pages comes 
from an endeavor to make it 
easier for you to get the in- 
formation you want about 
Hooker Chemicals. 


Larger type, graphic formulas, and a new 
format facilitate your finding the chemi- 
cals in which you are interested. Included 
are description, principal physical and 
chemical properties, uses, and shipping 
containers. This new products list also 
describes briefly the various chemical proc- 
esses and facilities which Hooker has avail- 
able for industry. 

You who are not yet acquainted with 
Hooker Chemicals will find this new Prod- 


ucts List an excellent introduction to a 





















source for industrial chemicals of high 


purity; it will also pay you to refer to this 
Bulletin whenever you need chemicals. 
Feel free, too, to call on Hooker’s Technical 
Staff for advice and help on the application 
of Hooker Chemicals to your problems, 
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Hooker General Products List. 
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Fig. 1—Single-zone laboratory kiln ar- 
ranged for multizone studies* on cata- 
lyst regeneration 
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TEMPERATURE. DEG F. 


Fig. 2—Effect of temperature on carbon 
burning rate 


concentration, and fractional carbon con- 
centration; the carbon burning rate, W, 
varied directly with the log mean oxygen 
concentration, O,,. This direct relation- 
ship between W and O,, thus permitted 
the use of the quantity W/O,, in evalu- 
ating the effects of the other terms in the 
equation. 

A series of successive approximations 
was made to determine the individual 
effects of temperature, initial carbon con- 
centration, C,, and fractional carbon con- 
centration, C/C,, on the quantity W/O.,,. 
At the beginning W/O,, was plotted ver- 
sus C/C, for each of the three levels of 
C, employed in the experimental work, 
namely 1, 3 and 6 %-wt. These plots 
were studied to obtain a _ preliminary 
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appraisal of the effect of temperature on 
w/o 


Thus from these data a chart was 
made by plotting W/O,, versus tempera- 
ture for constant values of C/C, and C,. 
A series of parallel curves resulted, These 
curves were resolved into a single curve 
expressing tentatively relative burning 
rate as a function of temperature and 
having arbitrarily a value of unity at 
1000° F. The final plot of this func- 
tion, f,(T), is presented in Fig. 2. 


m* 


A second plot was then made of W/O,, 
versus C/C, in which the observed values 
of W/O,, were corrected to the base tem- 
perature of 1000° F., as illustrated in 
Fig. 3. This revealed that the curves 
for each level of initial carbon concen- 


and hence the effect of C, on W/O, 
constant for all values of C/C,. 

The effect of C, on W/O,, relative 
a fixed C,, taken arbitrarily as 3 °-. 
was next evaluated by adjusting the . 
perimental values of W/O,, for each c 
deposit investigated to 1000° F. and c 
stant C/C, using tentative forms of Fi; 
2 and 3, respectively. Charts resembli: . 
Fig. 4 were obtained. Fig. 4 was th 
used to adjust all experimental values 
of W/O,, to fixed values of C,(3.0 %-wt 
and temperature (1000° F.) to obtain 
curve similar to Fig. 5 evaluating 
(C/C,). 

The evaluations of the three functions 
were made more precise by successiv« 
approximations in which deviations 
sociated with any particular variable wer 
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Fig. 3—Carbon burning rate corrected to 1000° F. 
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Fig. 4—Effect of initial carbon deposit 
on carbon burning rate 


final charts evaluating the functions 
in the equation, f,(T), f.(C,) and f, 
C/C,, respectively. 

It is interesting to note that the appar- 
ent activation energy for carbon deposits, 
calculated from Fig. 2 for the tempera- 
ture range from 800 to 900° F. where 


fs(&) 
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FRACTION OF INITIAL CARBON perosit (-) 

Fig. 5—Effect of fractional carbon con- 
centration on carbon burning rate 


the change in the rate of combustion 
with temperature appears to be influenced 
only slightly by gas diffusion rates, is of 
the order of 35,000 calories per gram- 
mol as compared to 44,000 calories per 
gram-mol found by Parker and Hottel 
for the combustion of brush carbon. 


Close Control Important in Regenerating 
Spent Catalyst in Fluid Cracking Units 


“Regeneration of Spent Catalyst in 
Fluid Catalytic Cracking,” by John 
F. Snuggs, Standard Oil Co., (In- 
diana), Whiting, Ind. 


RR EGENERATION of spent catalyst 
under closely controlled conditions 
is an important feature of the Fluid 
catalytic cracking technique. Although 
only about 1 to 2 %-wt. of carbonaceous 
material collects on the catalyst, the com- 
bustion in the regenerator contributes a 
major portion of the heat required in the 
reactor for hydrocarbon conversion, and 
residual heat usually used to make steam. 
Typical heat distribution in a commercial 
unit is shown in Table 1. 

Principal variables affecting the de- 
sign of a Fluid regeneration system are: 

1. Temperature of regeneration. 

2. Type of catalyst. 

3. Analysis of catalyst deposit. 

4. Fraction of catalyst deposit removed 
during regeneration, 

5. Contact of air and catalyst, and 
catalyst residence time. 

6. Regeneration pressure. 

Choice of operating temperatures is 
a balance among several factors. In 
general, the higher the temperature, the 
more readily combustion occurs. On 
the other hand, at the highest temperature 
levels, permanent catalyst deactivation 
oecurs at an accelerated rate, and con- 
struction problems and costs tend to 
hecome a more important consideration. 
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Current designs generally call for a tem- 
perature range of 1025 to 1100° F. 

The type of catalyst used is important 
because of temperature deactivation prob- 
lems. It also affects air requirements and 
heat evolution, since catalysts of differ- 
ent chemical compositions result in vari- 
ous CO, to CO ratios in effluent regener- 
ation gases. With various commercial 
catalysts this ratio varies between about 
50:50 to 65:35. Air requirements at 
various ratios are given in Table 2. 

The presence of certain metallic con- 
taminants which may accumulate on the 
catalyst during operation tends to in- 





TABLE 1—Distribution of Regeneration 
Heat in a Commercial Fluid Unit 


Millions Per 
of Btu/hr. Cent 
eee 238 100 


Heat in flue gas (over entering 


eee re et ee 56 23 
Heat to reaction zone....... : 86 15 
ON ic cake kaka 125 53 
Loss and unaccounted for...... 21 g 

WT. cltes ieee ee ah ie ees 238 100 

BASIS 


Operations as shown in Table 3. 

Net heat of combustion of coke is 13,840 
Btu/Ib. at 8% hydrogen. 

Reaction zone temperature is 900° F. 

Steam produced at 160 psig. from 800° F. 
boiler feed water. 





® Approximately 50% of this heat potentially 
recoverable in a flue gas boiler, bringing steam 
to 153 million Btu/hr., or 64% of heat release. 





TABLE 2—Combustion Air Requirements 
..in Fluid Catalytic Cracking. . 


Wt.-% Combustion Air 
Hydrogen in Requirement— 
Ratio CO,/CO Catalyst Lbs. Air/Lb. 

in Combustion Gas _ Deposit® Deposit Burned 
50:50 ~ 12.05 
65:35 8 12.92 
50:50 . 2 13.18 
65:35 12 14.02 

BASIS 


2% oxygen in dry effluent flue gas. 
Air supplied at 100° F., 50% Relative Humidity. 





® Measured by oxygen disappearance in re- 
generator as determined from Orsat analysis and 
nitrogen balance. 





TABLE 3—Regenerator Operation in a 
Typical Fluid Catalytic Cracking Unit 


Design Details 


Vessel Diameter ......... 86’-6” I.D. 

i 053d oe aeeend 40’'-0” 

| Se ee Hemispherical 

Top elevation .........+. 150’ 

Shell and heads.......... Carbon steel 
Operating Conditions 

Pressure at top of vessel... .9 psig. 


Catalyst bed temperature. ..1025° F. 


Entering air temperature. ..230° F. 
Catalyst bed depth........ 18’ 

Catalyst bed density....... 20 Ibs./cu. ft. 
Spent catalyst charge...... 540 tons/hr. 
Se eee 220,000 Ibs./hr.. 


Gas velocity at top of vessel.1.45 ft./sec. 
Carbon on spent catalyst. ..1.80 w.t.-% 
Carbon on regenerated 


eae 0.35 wt.-% 
Coke burned (8% hy- 

DO ere 17,200 Ibs./hr. 
Flue gas analysis (dry)..... 

SR eee SS 12.0 vol.-% 

BR eee ices perry 2.0 vol.-% 

MS Side aarp at eae 5.8 vcl.-% 

rar -80.2 vol.-% 
Steam produced ......... 135,000 Ibs./hr 





crease the CO, to CO ratio, and results 
in increased air requirements. 

Since about four times as much air 
is required to burn one pound of hydro- 
gen as is necessary for one pound of car- 
bon, the importance of adequate stripping 
facilities and low hydrogen content in 
determining regeneration air requirements 
is obvious. Normally, with a well de- 
signed stripper, slightly less than 10 
Yo-wt. of hydrogen in coke can be spe- 
cified for design purposes. 

The weight per cent of catalyst deposit 
on spent catalyst charged to the regener- 
ator varies between less than 1 to more 
than 2% in commercial installations, 
and is partially a function of the catalyst- 
to-oil ratio fed to the cracking zone. Re- 
generated catalyst contains from about 
0.3 to 1.0 %-wt. of residual deposit after 
combustion. 

Several factors define the coke level 
desired on any specific design. First, 
combustion proceeds more readily on 
catalyst with a high deposit content than 
on that with a low coke content. Second, 
from the standpoint of the cracking side, 
a low coke content is desirable. Third, 
high coke percentages in the regenerator 
are not satisfactory because catalyst en- 
trainment in flue gas tends to increase. 
Commercial practice has established a 
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desirable coke content of 0.3 to 0.7 Y-wt., 
to be maintained by control of other 
operating variables. 

Another important factor is the pro- 
vision of a suitable distributing device 
to promote adequate contacting of air 
and catalyst within the regenerator. It 
is also desirable to avoid a shallow cata- 
lyst bed through which mass channeling 
of air may occur. In large commercial 
units, at least 10, and preferably 15, 
ft. of bed depth are desired where the 
regenerator takes the form of a single 


bed. 


Gas should flow through at low veloci- 
ty—the usual commercial designs calling 
for about 1.5 ft./sec., satisfactory for 
minimizing catalyst entrainment. 

Catalyst residence time need not ex- 
ceed 5 min., but because of the effect 
of other necessary design factors, it 


usually ranges between 10 and 20 min- 
utes, 

Operating pressures vary between about 
1 and 13 psig. With specified maximum 
allowable gas velocities, the higher pres- 
sures permit smaller diameter vessels 
in new designs or greater air flows in 
existing units. It should be noted, how- 
ever, that combustion proceeds more 
favorably at the higher pressure levels, 
which factor must, of course, be balanced 
against increased compression equipment 
costs. 

A number of variations in control tech- 
nique have been used in Fluid units. 
The conventional methods were described. 
Table 3 summarizes some design and 
operating data for a commercial Fluid 
regenerator. The data, it is pointed out, 
are for a specific installation and are not 
typical of all units. 


Processes for Hydrocarbon Synthesis trom 


Natural Gas Show Much Economic Promise 


“The Manufacture of Synthetic Gas- 
oline,’” by George Roberts, Jr. and 
J. A. Phinney, Stanolind Oil & Gas 
Co., Tulsa. 


EVELOPMENTS leading to the ini- 

tial commercial application of the 
Fischer-Tropsch synthesis to the manu- 
facture of gasoline are outlined, includ- 
ing status of German practice, engi- 
neering aspects of the German plants 
and proposed plants in the U. S. Since 
much of this material is taken from 
the literature, this review is concerned 
mainly with the proposed plants in this 
country, notably that of Stanolind Oil 
& Gas Co, in the Hugoton Field of Kan- 
sas and Carthage Hydrocol, Inc., at 
Brownsville, Texas. 


The proposed American plants will 
make use of the basic technique in cata- 
litically combining carbon monoxide and 
hydrogen to form hydrocarbons and water. 
First important variation is preparation 
of these two gases by catalytic reform- 
ing of methane, steam, and carbon diox- 
ide to form carbon monoxide and hydro- 
gen in a fired furnace at 1500° F. and 
atmospheric pressure. 


An alternative method, as yet not used 
commercially but which shows greater 
economic promise, is the partial com- 
bustion of preheated methane and oxygen 
at 300 psi and 2500° F. This method 
is desirable because it supplies large 
quantities of by-product heat, can be 
carried out at pressures required in the 
synthesis following, and natural gas usu- 
ally is available at that pressure. A 
schematic diagram of a proposed plant 


using this method is shown in Fig. 6. 

The reacting gases are cooled and en- 
ter the synthesis reactor at approximately 
600° F. and 250 psi, where they contact 
a fluidized iron-type catalyst. Following 
synthesis, gases are again cooled and 
recovery of liquefiable hydrocarbons is 
carried out under 200 psi by conventional 
oil absorption techniques. Light olefins 
will be polymerized to make a high oc- 
tane blending agent. 

Efficiency of utilization of carbon in 


natural gas is considerably higher thay 
that attained by the Germans using a 
cobalt catalyst. The German yields wer. 
of the order of 37 gal. synthetic product, 
containing 203 Ibs. carbon as oil and 
chemicals, from 1000 Ibs. of coke con- 
taining 800 Ibs. carbon. The American 
version will secure 42 gal. of product 
containing 230 Ibs. carbon as oil and 
chemicals from 10,000 cu. ft. of natural 
gas containing 342 lbs. carbon. 


The proposed American reactors will 
be good for 1000 b/d synthetic oil; 
hence six reactors for a 6000 b/d plant 
which, with all necessary utilities, will 
cost between $3000-$3500 per daily 
barrel of hydrocarbon product. The 
standard German design, using the cobalt 
catalyst, produced but 18 b/d per re- 
actor, thereby requiring 300 reactor units 
for a 6000 b/d plant; investment in- 
volved was $7500-$8000 per daily barrel. 
The usual German plant had 72 re- 
actors, produced 1300 b/d_ product. 


Investment. and manpower require- 
ments for the process have been greatly 
reduced by the use of the fluidized tech- 
nique for contacting reacting gases with 
catalyst. Moreover, the improved iron 
catalyst produces a much higher grade 
of gasoline (premium -80 O. N.—not 
stated whether Motor or Research basis) 
than the German cobalt’ catalyst. 


Since it has been determined that re- 
action temperature rather than catalyst 
activity -controls quality of product, the 
fluidized technique is doubly important 
as close ¢ontrol of temperature and ready 
removal of large quantities of heat are 
easily attainable, permitting a much 
larger reactor and more efficient opera- 
tion than its German counterpart. 
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Fig. 6—Schematic diagram of proposed American application of Fischer-Tropsch 
process to the manufacture'of synthetic gasoline 


PETROLEUM Processinc, April, 1947 














UNDIVIDED — 
"RESPONSIBILITY 


IN ONE 
ORGANIZATION 





A.S.M.E. Meeting 





Describe Method for Determining Optimum 


Time for Overhauling Centrifugal Pumps 


“A Method for Testing and Studying 
the Cost of Operation of Centrifugal 
Boiler and Feed Pumps,” by A. C. 
Pasini and E. M. Spencer, revised by 
J. R. Hamann, Detroit Edison Co., 
Detroit. 


“| = boiler feed pumps of a power 
plant are among the largest con- 
sumers of auxiliary power in the plant, 
hence knowledge that they are perform- 
ing efficiently is of prime importance 
in plant operations, The efficiency of 
a high-pressure centrifugal pump de- 
creases with continual use, from leaks 
resulting from erosion and wear. 

A method of periodic testing has been 
developed to obtain data necessary to 
study decreasing efficiency and its as- 
sociated increased power consumption. 
Results of the mathematical study have 
been extended to include a method of 
determining the most economical time to 
overhaul a pump. 

The method of computing optimum 
time for repairs is not necessarily a gen- 
eral solution to the problem, but can 


be used if the conditions of a particular 


case fit the assumptions made. 

Dimensional analysis is utilized to cor- 
relate data taken at different operating 
conditions to arbitrary standard condi- 
tions, 7, and m5, wherein 7,=Q/Nd3 
and ,=[P/(pN2d2)]x, represents the 
first pump law (flow, Q, varies directly 
as the speed, N, and cube of impeller 
diameter, d, for geometrically similar 
pumps) and 7, the second law (total 
head, P, varies directly as the speed 
squared, water density, p, and impeller 
diameter squared, for geometrically simi- 
lar pumps. ) 

Since r, and 7, are independent and 
dimensionless, +, plotted against w, at 
a constant Reynolds number will com- 
pletely describe the flow characteristics 
of a pump, such as Fig. 7. One such 


curve is generally sufficient. Variations 
of the test points from the design curve 
of w» vs. m, are considered entirely due 
to leakage. The design curve of 7, vs. 
m, is based on a certain “leakage con- 
stant,” which is mathematically defined 
as the design flow less test flow divided 
by the square root of the total pressure 
rise through the pump. 

The pumps under consideration are 
direct-driven by 550 hp. AC motors of 
the wound-rotor, slip-ring, induction type, 
speed regulated by varying secondary 
circuit resistance. Power output is a 
function of both power input and speed. 
Testing is quite simple: motor input 
is measured by an integrating wattmeter, 
flow by an integrating venturi meter, 
suction and discharge pressures by Bour- 
don-tube gages, water temperatures by 
thermocouple and pump speed by me- 
chanical tachometer. From these data, 
“leakage constant,” efficiency with de- 
sign and test leakage, and a calculation 
of pump speed and power required are 
made. 

To determine mathematically the opti- 
mum time for repairs, the cumulative 
cost of power required to operate the 
pump is plotted against time over its en- 


Suggestions Given for 
Pressure Vessels from 


“Fabrication Notes on Corrosion- 
Resistant Alloys,” by J. C. Holm- 
berg, Alloy Welding & Mfg. Co., 
Tulsa (formerly Tulsa Boiler & Ma- 
chinery Co., Tulsa) 


ISCUSSION of some of the prob- 
lems presented in fabrication of 
pressure vessels from the six austenitic 
and three ferritic grades of stainless 
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Fig. 7—Plot of +, vs. 7, showing design characteristics of a 
seven-stage centrifugal pump 
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1S 
THOUSANDS OF OPERATING HOURS 


35 40 as 


tire life, Fig. 8, and is a straight-li: 
function. Re-machining the casing ar 
replacing certain wearing parts are state 
by the pump manufacturer to resto: 
the pump to original efficiency. If co 
of power and repairs during the life « 
a pump be plotted against time, the 
slope of a line plotted from origin | 
end of pump life is the average cost 
operation, and for minimum total cost 
the slope must be a minimum. Th: 
equation representing this optimum ove: 
all time in hours, T, is: 


T= 
K./K, ne Po 


109,500 — (109,500)? + K, 





+(—2b) 
where 


K,=cost of power to operate 
pump, $ per Kwh., 


K,=cost of overhauling pump, 


$, 


b=a_ constant, determined 
by plotting pump power 
input vs. time, Fig. 8, 


109,200 = assumed life of pump, 
hours (90% operation for 
20 years and 70% for 
ten years). 


Fabrication of 
Stainless Alloys 


steels ordinarily used in this service are 
presented, 

The three straight chromium grades 
(Types 410, 430 and 446) have ex- 
cellent corrosion resistance to oxidizing 
agents and good heat resisting properties, 
are widely used in nitric acid service and 
for furnace parts. Any heating operation 
above 1500° F., however, has a ten- 
dency to cause severe grain growth and 
resultant embrittlement after cooling. 


T, "10? + _Qg s10” 
Nd 


Fig. 8—Sample curve of power input to pump motor at 
standard conditions, constant quantity and head 
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or this reason these steels are rarely 
iveted and for welding it is usually 
commended that an austenitic elec- 
trode be used to provide a more ductile 
yinture, 


Type 430, a low carbon iron with 
15-16% Cr, is the most popular for 
pressure vessel fabrication. It must 
never be cold-worked, rather preheated 
to 200-300° F. In hot-working, heating 
to over 1850° F. must be avoided and 
work should be on the die before it has 
cooled below 1500° F., at which tem- 
perature spinning or pressing should 
start. Edge preparation must be per- 
formed with care to minimize a tendency 
to tear, 


Any hot work must be followed by an 
anneal, consisting of slow heating to 
1450-1475° F., maintained there for 
two to three hours per inch of thickness, 
followed by slow furnace cooling and 
equalizing to 1100° F. Subsequent air- 
cooling as rapidly as possible is recom- 


mended. 


Annealing should be followed by sand 
blasting and pickling in a solution usually 
consisting of 20% hydrochloric, 5% 
nitric, 5% sulfuric acids and 70% water 
for 20-30 min, After thorough scrubbing, 
a passivating treatment in 15-20% nitric 
acid follows. 


In the austenitic grades there are 
three general classifications: an alloy 
containing 18-20% Cr and 8-10% Ni; 
the same, plus 2-3% Mo, and the 
stabilized grades containing either titan- 
ium or columbium. Practically, all have 
about the same physical properties in 
the annealed condition, possess good 
welding properties, are hard to machine 
and will cold-work to a marked degree. 


Of these, Type 304 is the most 
widely used, contains 0.08% C, maxi- 
mum, 18-20% Cr, 8-10% Ni. To this 
has been added molybdenum to pro- 
cuce a more stable alloy especially in 
the presence of chlorides and sulfites. 
This alloy has the undesirable charac- 
teristic of carbide precipitation when 
heated in the range 1100-1500° F. and 
it is in such areas that corrosion strikes 
first, The only remedy is to heat to 
1950-2100° F., followed by rapid cool- 
ing or water quenching. 


To overcome carbide precipitation, the 
stabilized alloys were developed. In 
these, titanium at the rate of four times 
the carbon, or columbium at ten times 
the carbon, is added during the melt- 
ing process. This is a big improvement, 
hut carries with it the penalty of in- 
creased cost. 


Fer the successful utilization of any 
of the stainless alloys, it is of greatest 
idvantage to fabricator, user, and steel 
manufacturer for the purchaser not to 
pecify just “stainless steel.” With more 
than 260 alloys considered as “stainless 
eels,” plus a multitude of finishes and 
ether contingent factors to consider, it 

impossible for the fabricator to make 

n intelligent quotation on such a loose 
vecification. 
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Lubricants that come through winter with 
flying colors are those made with Metasap 
Stearate Bases. It’s easy to explain why... 
Metasap Stearate Bases are practically mois- 
ture free. This means that lubricants made 
with them maintain normal flow and lubricat- 
ing action even under severe freezing con- 


When Made With 


METASAP 


STEARATE BASES 


ditions. Further, Metasap Bases give your 
lubricants less base, more mineral oil—the 
true lubricating ingredient. Any desired de 
gree of body from stiff, short-feathered 
greases to thin fluid lubricants. Write for 
full particulars. 


METASAP CHEMICAL COMPANY 
HARRISON, N. J. 


CHICAGO « BOSTON ¢ RICHMOND, CALIF. « CEDARTOWN, GA. 


hickelachisy: 


REG. U.S. PAT. OFF 
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205 West Wacker Drive, 
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Novel Approach to Explaining 
Chemistry in Book by Strong 


Chemistry for the Executive, by Ralph K. 
Strong, 5% x 9 in., 445 pages, illustrated, 
indexed, stiff cloth binding, $6.00 (Dec., 
1946). 


Chemistry for the Executive presents a 
novel approach to the task of clarifying 
the fundamentals of the modern chemical 
industry for the busy, non-technically 
trained businessman, and it does it in an 
interesting and highly readable style. 

Written as a series of interviews be- 
tween the Mr. Executive and his chemist, 
Mr. Chemmer, the book covers in a con- 
cise manner the entire field of industrial 
chemistry. Each chapter represents a 
single interview between the two men, 
with the executive posing logical ques- 
tions on the subject under discussion. 

The book follows a pattern somewhat 
similar in nature to the average beginning 
text for the college or high school chem- 
istry student. The 17 chapters, or inter- 
views, begin with the elements, pass on 
through acids, bases, oxides, chemical re- 
actions, solutions, liquids, solids, and 
colloids to a lengthy section—three chap- 
ters—on organic materials. 

The last portion then deals with foods, 
fuels, metals, and synthetics, while the 
final chapter discusses a topic that could 


well be inserted in any freshman chem- . 


istry course—the economics of the in- 
dustry. 

Author Strong is head of the depart- 
ment of chemistry at Rose Polytechnic 
Institute, Terre Haute, Indiana, and is 
well-known as a chemical educator. He is 
also editor of Kingzett’s “Chemical En- 
cyclopedia,” now in its seventh edition. 


Synthetic Rubber from Butadiene 
Is Subject of “Butalastics” Book 


Butalastic Polymers—A Treatise on Syn- 
thetic Rubbers, by Frederick Marchionna, 
6 x 8% in., 642 pages, indexed, stiff cloth 
binding, $8.50 (Oct., 1946). 


Butalastic Polymers describes and dis- 
cusses from a strictly technical viewpoint 
the “elastic or plastic polymers of a buta- 
diene compound, with or without cther 
compounds polymerizable with it.” 

In the words of the author, the book 
was “written for the purpose of making 
available to scientists, research organiza- 
tions, inventors, and manufacturers the 
extensive data on the production, proper- 
ties, and uses of the various known buta- 
lastics, which are acquiring more and 
greater importance in national and inter- 
national economics, relations, and social 
intercourse.” 

Presented in the volume are the history 
of the development of butalastics; the 
source and production of the raw mate- 
rials used for forming them; the mechan- 
ism of polymerization; the methods of 
polymerization and copolymerization or 
inter-polymerization of the various com- 
pounds; the compounding practice, in- 
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the previous volumes in the series, is Dj 
rector of Research for Universal Oil Prod- 
ucts Co. 





























Copies of all books reviewed here 
may be ordered from the Reader’s Serv- 
ice Department, Petroleum Processing, 
1213 West Third St., Cleveland 13, for 
the prices listed, postpaid, unless indi- 
cated otherwise. Ohio purchasers please 
add 3% tax. 


“Helpful Trade Literature” items are 
usually available without charge, and 
can also be secured from the Reader's 
Service Department of Petroleum Proc- 
essing. 











dustrial application, and cure of the 
polymers; the properties and testing of 
the products; the reclaiming of butalastics 
waste; and derivatives of the butalastics. 

The author, Frederick Marchionna, is 
an examiner in the U. S. Patent Office. 


Fourth in Hydrocarbon Physical 
Constants Series Published 


Physical Constants of Hydrocarbons, Vol. 
IV, Polynuclear Aromatic Hydrocarbons, 
Gustav Egloff, 6 x 9 in., 540 pages, stiff 
cloth binding, $17.50. 


With this newest volume on the poly- 
nuclear aromatic hydrocarbons, the series 
of American Chemical Society Mono- 
graphs on Physical Constants of Hydro- 
carbons now includes four volumes. Ali- 
phatic and alicyclic hydrocarbons were 
covered in Vols. I and II, while Vol. III, 
published last fall, covered the mono- 
nuclear aromatics. 

The compounds included in the present 
volume are fused ring hydrocarbons hav- 
ing at least one aromatic ring. Although 
thousands of polynuclears have been pre- 
pared, these compounds represent only 
a minor fraction of the theoretical possi- 
bilities. 

The present study also shows that the 
published data for many of the known 
compounds are insufficient for the identi- 
fication of these compounds on the basis 
of physical properties alone. Critical 
evaluation of the data was limited by the 
scarcity of data available from the litera- 
ture. For example, melting ranges of over 
2° and boiling ranges greater than 5° 
have been recorded, because they were 
the only ones available. 

In addition to other omissions, it will 
be noted that boiling point, density, and 
refractive index values have been de- 
termined for only a very few polynuclears. 
It is obvious that the opportunities for 
research on this type of aromatic is far 
from being exhausted. 

Editor Gustav Egloff, who has handled 


New Book Discusses Effect of 
Public Policy on Oil Industry 


The Economics of the Pacific Coast Pe- 
troleum Industry, Part 3: Public Policy 
Toward Competition and Pricing, by Joe S. 
Bain, 5% x 9% in., 130 pages, indexed, 
stiff cloth binding, $3.00. 


The third and concluding part in the 
series on The Economics of the Pacific 
Coast Petroleum Industry deals with tix 
issues of public policy in the industry. It 
is essentially an essay developing a posi- 
tive approach toward present and future 
regulatory problems. 


The aim of the author is to arrive at 
positive suggestions regarding the degree 
and the kind of government regulation of 
industry which would most effectively 
help private enterprise to serve consumer 
interest. The work began with the two 
preceding parts in the series, Part 1, Mar- 
ket Structure, published in 1944, and 
Part 2, Price Behavior and Competition, 
published in 1945. 

The present essay develops directly 
from Part 2, considering what policy is- 
sues were brought forth, how past prices 
have affected the welfare of the con- 
sumer, and what changes should be made. 

Of interest is the author’s method of 
handling disputable points. While retain- 
ing his own opinions and predictions, he 
recognizes that country views may turn 
out to have greater merit. Therefore, at 
several junctures in the text, the meat of 
differing opinions is included in the form 
of extensive but concise footnotes. 


Dr. Bain is Professor of Economics at 
the University of California and is author 
of all three books in this series. 


Symposium on Bearing Tests 
Given in New ASTM Booklet 


Symposium on Testing of Bearings, 6 x 9 
in., 72 pages, heavy paper binding, il- 
lustrated, $1.50. 


Five technical papers presented at the 
49th Annual Meeting of the American 
Society for Testing Materials at Buffalo 
June 24-28, 1946, are collected here in 
booklet form. Subject matter includes 
life testing of plain bearings for auto- 
motive engines, fatigue testing machines 
for ball and roller bearings, metallo- 
graphic observation of ball bearing 
fatigue phenomena, and testing of bear- 
ings under controlled loads. 


Helpful Trade Literature 


A wall chart presenting condensed but 
complete information on the “Paramins,” 
lubricant and fuel additives of Enjay Co., 
Inc., formerly Chemical Products Dept., 
Stanco Distributors Inc., has been issued 
by that company. For the line of 16 ad- 
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New Books 





ditive improvers for premium and heavy- 
duty motor oils, aviation oils, industrial 
specialties and gasoline, the chart gives 
for the individual compound the active 
component, its properties, applications and 
miscellaneous data on compounding, stor- 
age and handling, etc. Copies of the “Para- 
mins” wall chart are available to refiners 
and compounders, in line with the Enjay 
Co.’s policy of marketing these products 
only to concerns understanding and ap- 
preciating the functions of additive prod- 
ucts. Enjay Co., Inc., 26 Broadway, New 
York City. 


Hot Process Water Softeners, Publica- 
tion 3000, a new 68-page bulletin con- 
taining an appendix dealing with feed- 
water chemistry, in addition to heat bal- 
ances, flow diagrams, construction draw- 
ings of deaerating and non-deaerating 
softeners, and engineering tables and 
charts. Various types of installations are 
diagrammed and _ illustrated. Silica re- 
moval, sludge recirculation, automatic 
desludging, two-stage operation, and 
other recent technological advances are 
described. Cochrane Corp., 17th and 
Allegheny, Philadelphia 32, Pa. 


Maintenance Hints for General Purpose 
Turbines, B-3747, is a 95-page booklet 
containing practical information for the 
proper maintenance of general purpose 
turbines. It describes the steam turbine, 
explains its operation and installation. Dis- 
mantling and repair and adjustment in- 
formation is given. A final chapter deals 
with emergency hints for quick reference. 
Westinghouse Electric Corp., P.O. Box 
868, Pittsburgh 30, Pa. 


Learning to Weld, a 32-page booklet, 
illustrations include photographs and 
drawings. It provides a simple basic ap- 
proach to anyone interested in making a 
start in are welding. Also included are 
conversion tables on decimal equivalents 
and thicknesses of metal in both gage and 
inches, as well as a glossary of welding 
terms. Copies 25c each, postage prepaid, 
The Lincoln Electric Co., Cleveland 1, 
Ohio. 


Prescription for Glycerides, describes 
the application of the Solexol process of 
“cold fractionation” of vegetable, animal, 
and marine oils by the use of propane. 
The M. W. Kellogg Co., 225 Broadway, 
New York 7, N. Y. 





LOOK INSIDE 


see why you save with 


SUPER-SILVERTOP 


This plastic model of an Anderson 
Super-Silvertop lets you see at a 
glance just why you save by using 
these up-to-date steam traps. 
Notice that all pipe connections 
are in the head of the trap with 
all passages drilled and bored 
smooth. This feature reduces the 
number of pipe fittings and instal- 
lation time needed, yet does not 
resort to cored passages and split 
gaskets. With all connections in 
the head, inspection is easy— 
without disturbing pipe connec- 
tions. Notice too, that an alter- 
nate top inlet connection provides 


for elbow connections. See how 
the bucket is guided on the center 
tube, permitting the use of a 
longer lever arm with greater 
valve opening power. A larger 
valve means more capacity for 
the same size trap. 

Let Super-Silvertops save money 
for you—in first cost, installation 
costs and operating costs. Send for 
full details, given in the helpful 
free book —“How To Choose 
A Steam Trap”. 


THE V.D.ANDERSON CO. 


1974 W. 96th STREET + CLEVELAND 2, OHIO 











Fractional Distillation 


The seventh in the series of ar- 
ticles on fractional distillation by 
Robert R. White and his associates 
at the University of Michigan has 
been omitted from this issue be- 
cause of space limitations. It is en- 
titled “Elements of Ternary Distil- 
lation” and will appear in the May 
issue of PETROLEUM PROCESSING. 








A Good Book... 
AMERICAN PETROLEUM REFINING 


By H.S. Bell 


Contains the most up-to-date developments in petroleum technology . . .From 
the crude storage tank to the finished product, every step in modern refinery 
engineering and operation is covered. ...The methods of calculation of the 
chemical, physical and engineering data needed in practical design are fully ex- 
plained, with the information arranged in hundreds of comprehensive tables and 
graphs, and with sample problems to show every step in practical applications. 
Photographs and diagrams illustrate refinery construction. Included are flow 
sheets or processes and details of apparatus. Each important class of refinery 
equipment is the subject of an entire chapter which covers its design from the 
basic principles and calculations down to the details of construction . .. 640 pages, 
Illustrated and Indexed, $7.50. 

(Ohio purchasers, add 3% sales tax) 


Send your order for this book to: 


PETROLEUM PROCESSING 
1213 West Third Street Cleveland 13, Ohio 
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PERSONALS 





Petroleum Technologists in the Headlines 








Dr. C, L. Brown has resigned as di- 
rector of the Esso Laboratories of the 
Standard Oil Co. of New Jersey, Louis- 
iana Division, Baton Rouge, to become 
a member of the research and develop- 
ment coordination 
group of the Stand- 
ard Oil Develop- 
ment Co. He will 
assume the coordi- 
nation work jn the 
chemical field and 
the exploratory re- 
search in all fiekls. 
For the present he 
will make his 
headquarters at 30 
Rockefeller Plaza, 
New York City. 

Replacing Dr. 
Brown is A. Voor- 
hies, Jr., who has been appointed di- 
rector of Esso Laboratories, Louis- 
iana_ division, for Jersey Standard. 
In addition to this appointment Dr. R. W. 
Richardson has become associate director 
of Esso Laboratories, and Dr. R. W. 
Krebs has been made assistant director. 
Associated with Dr. Krebs are assist- 
ant directors, C. E. Starr, Jr., and L. E. 
Carlsmith. 





Dr. Brown 


oC ° ° 


Clarence H. Thayer, chief engineer 
for the Sun Oil Co. at Philadelphia, was 
elected a vice president of the company 
at a recent meeting of the board of 
directors. 

Mr. Thayer was 
selected in 1940 as 
one of the 18 in- 
ventors out of the 
500 elected by the 
National Associa- 
tion of Manufac- 
turers to be hon- 
ored as a “Modern 
Pioneer on the 
Frontier of Indus- 
try” and was pre- 
sented a “Pioneers 
Certificate” for 
making possible 
the commercial in- 
of Houdry Catalytic Crack- 

He holds other patents for 
and methods of processing 





Mr. Thayer 


stallation 
ing units, 
apparatus 
gasoline. 
He is also a director of the Catalytic 
Engineering and Construction Co. 


os ° ° 


E. A. Timm has retired as Safety Di- 
rector for the Standard Oil Co. of New 
Jersey’s Bayonne refinery. He has been 
with the company for over 25 years, and 
is a pioneer in the organized safety move- 
ment in the petroleum industry. 

Mr. Timm became an Esso employe 
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in the Bayonne refinery machine shop 
in 1902. His experience in mechanical 
work and enthusiastic devotion to acci- 
dent prevention led to his appointment 
as director of the safety department 
when it was organized in 1920. In spite 
of many setbacks shared by the found- 
ers of the industrial safety movement 
Mr. Timm spearheaded an educational 
crusade inside and out of the plant sell- 
ing both himself and safety to manage- 
ment and employe alike. Under his di- 
rection the accident frequency of the 
plant plunged from 36.0 in 1919 to 4.29 
in 1945, one of the best records in the 
oil industry. 

He is a member of the National Safety 
Council, Hudson County Safety Council, 
and the American Society of Safety En- 
gineers. 

° ° ° 

R. A. Findley has been placed in 
charge of the chemical engineering pilot 
plant of the Phillips Petroleum Co. in 
Bartlesville, Okla. 

2 o o 


Guy S. Mitchell, chief chemist of the 
Lion Oil Company, El Dorado, Ark., 
has been elected chairman of the Ark- 
La-Tex Section of the American Chemi- 
cal Society. He succeeds Dr. John B. 
Entrikin, head of 
the science depart- 
ment of Centenary 


College, Shreve- 
port, who was 
named to the So- 
ciety’s National 
Council. 

Dave N. Barrow, 
assistant superin- 


tendent of the nat- 
ural gasoline de- 
partment of the 
Arkansas Fuel Oil 
Company, Shreve- 
port, was chosen 
vice chairman, and A. W. Trusty, chief 
chemist of the same company, secretary- 
treasurer. 

Three were made directors of the Sec- 
tion. They are: James R. Cox, presi- 
dent of the James R. Cox Company, 
Shreveport; J. B. Leftwich, chief chem- 
ist of the Silas Mason Company, Minden, 
La., and Ruth Evans, senior chemist of 
the Lion Oil Company. 

Mr. Mitchell, a former chairman of 
the petroleum group of the Society’s Ok- 
lahoma Section, was born in Richmond, 
Mo., on July 3, 1899. He received the 
B. S. degree in chemical engineering 
from the University of Oklahoma in 1921, 
the M.S. from the University of Kansas 
in 1923, and the Ch. E. from Oklahoma 
in 1925. 

He joined Cosden and Company, Tulsa, 
as a chemist in 1922, and the next year 





Mr. Mitchell 


became chief chemist of the Produc: :. 
and Refiners Corporation, Parco, W: 
From 1924 to 1942 he was on the sta/l 
of the Bareco Oil Company, Barnsda:). 
Okla., first as chemist and later as chic{ 
chemist. For the period 1922 to 1942 
he was engaged primarily in work on 
petroleum refining. 

Since 1942 he has been with the Lion 
Oil Company doing research in ammonia 
and ammonium nitrate. 

a SJ o 


Dr. Clarence A. Nielson has been trans- 
ferred from the Baltimore refinery of 
Continental Oil Co. to the Ponca City 
Okla. refinery, 


o o co 


The Independent Refiners’ Association 
of California, Inc., at their 11th annual 
meeting have elected C. A. Johnson, 
Socal Oil & Refining Co., president, and 
have elected D. B. O'Neill, vice presi- 
dent and general manager, M. M. Mc- 
Callen, McCallen Refining Co., vice presi- 
dent, and Clifford Hancock, Camino! 
Oil Co., secretary-treasurer. 

Directors of the Association elected for 
a one year tenure were B. E. Devere, 
Pathfinder Petroleum Co., D. S. Fletcher. 
Fletcher Oil Co., W. G. Krieger, Doug- 
las Oil Co. of Calif., and J. D. Sterling, 
Eagle Oil & Refining Co. 


* o rod 


Brig. Gen. James Creel Marshall has 
been retained on the engineering staff of 
the M. W. Kellogg Co., Jersey City, 
N. J. He is widely known in engineer- 
ing and construction circles through his 
80 years of serv- 
ice on many ma- 
jor projects in 
peace and war. 

Foremost among 
General James 
Marshall’s recent 
Army activities was 
his service with the 
Manhattan District 
project, charged 
with the develop- 
ment of the Atom 
bomb. 

The General also 
served in the 
Southwest Pacific, Australia, New Guinea, 
and the Philippines. During the latter 
half of 1945 he commanded the Boston 
Port of Embarkation and in 1946 was 
made President of the Engineer Board, 
the research and development agency for 
the Corps of Engineers at Ft. Belvoir, V4. 

Outstanding among the many diverse 
activities during the peacetime years, 
‘was his work as Area Engineer at Al- 
bany, N. Y. in charge of the $27,000,000 
improvement project on the New York 
State Barge Canal. 





Gen. Marshall 
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Personals 





George Reid of Houston has been ap- 
pointed Southwestern representative for 
PETROLEUM PROCESSING and National 
Petroleum News. His headquarters will 
be at 3401 Buffalo Drive, Houston. 

Mr. Reid has 
been __ identified 
with the petroleum 
industry for 30 
years, He left the 
University of Ar- 
kansas in 1916 
after three years 
work majoring in 
chemistry. He ~ 
spent 10 years 
working in refin- 
eries as chemist, 
chief chemist, as- 
sistant superintend- 
ent and superintendent. 

For 12 years he was associated with 
the Gulf Publishing Co., Houston, He 
became editor of The Petroleum Refiner 
for that organization and a consultant 
to the sales department on refinery 
equipment, processes, and economic 
trends. He also edited a handbook and 
a composite catalog of oil refinery equip- 
ment published by that company. 

In 1939 Mr. Reid joined the Gulf 
Coast Refiners Association as executive 
secretary and held that position until 
its disbandment in Jan. 1947, 

a a o 





Mr. Reid 


Dr. Frederic L. Matthews has been 
appointed an associate director of research 
for Monsanto Chemical Co.’s Merrimac 
Division at Everett, Mass. 

It was announced simultaneously that 
Dr. Matthews’ former post of co-ordi- 
nator of petroleum additives in Mon- 
santo’s Organic Chemicals Division will 
be filled by Harry W. Faust, at present 
a group leader in petroleum chemical re- 
search in the division. 

Mr. Faust’s post will be filled by Dr. 
J. F. Palmer, a research chemist in the 
petroleum chemical research group. 

2 o ce] 

L. Earl Hoffman, has been added to 
the staff of the Special Products division 
of Phillips Petroleum Co.’s Chemical 
Product Department at Bartlesville, 
Okla. He has been taking a refresher 
course at Iowa State University since 
his release from the military service in 
March of 1946. 

2 2 2 

William L. Bolles has left the research 
and development laboratories of Socony- 
Vacuum Oil Co., and is now a chemical 
engineer in the development department 
of Monsanto Chemical Co., St. Louis. 

2 2 Q 

Lewis K. Dalrymple, who had been 
chief engineer of the Mid-Continent Di- 
vision, Tide Water Associated Oil Co., 
Tulsa, has announced his retirement 


from the business, 
* © 


C. Leon Harrington has been promot- 
©! to operating assistant at the Marcus 
‘ook Refinery of Sun Oil Co. at Phila. 
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Petroleum Processing announces this new classified section as a regu- 


lar feature for the convenience of its readers. 
shown in the accompanying box. 


Classified rates are 





For Sale 


Classified Rates 





STORAGE TANKS 
TANK CAR TANKS 


68—10000-Gallon, Located in Oklaho- 
ma 


102—10000-Gallon, Located in Pennsyl- 
vania 


20—8000 and 10000-Gallon, Located 
in Illinois 


IRON & STEEL PRODUCTS, INC. 
42 years’ experience 


18428 S. Brainard Ave., Chicago 33, 
Illinois. Phone BAYport 3456 


“ANYTHING containing IRON or 
~~ a 


“For Sale,” ‘“‘Wanted to Buy,” “Help 
Wanted,” “Business Opportunities,” 
“Miscellaneous” classifications, set in 
type this size without border—20 cents 
a word. Minimum charge, $5.00 per in- 
sertion. 
“Position Wanted”—10 cents a word. 
Minimum charge $2.00 per insertion. 
Advertisements set in special type or 
with border—$7.00 per column inch. 
Copy must reach us not later than 20th 
of the month ee date of issue. 
All classified advertisements are pay- 
able in advance. t 
No agency commission or cash dis- 
counts on classified Advertisements. 














FOR SALE 


Candle Factory Modern Equipment 
Capacity One Million Annual Production. 
Long Established. Large Eastern City. 


Box 13 








FOR SALE 
Compounding plant, 200,000 gallons 
storage capacity, tile building, rail and 
truck transportation loading dock. Fully 
equipped, established twenty-five years. 
Brands copyrighted. 

THE INDEPENDENT LUBRICATING 


co. 
418 East 13th St., P. O. Box 206 
Topeka, Kansas 








. . 
Situation Open 

WANTED — Chief Engineer for independent 
Oklahoma refinery. Must have engineering de- 
gree and experience in refinery corrosion and 
inspection procedures, general plant engineering 
maintenance and operation. erating experi- 
ence on crude topping, vacuum distillation, 
thermal cracking and product treating. Must 
not be over 40 years of age. Box 10 


Positions Wanted 


REFINERY SUPERINTENDENT: 44 years old, 
Graduate Chemist — experience in operation, 
cost, maintenance treating and construction of 
all refinery operations. Just completed con- 
struction of 1,000 barrel plant, put on stream 
and balanced. Western States preferred. Box 
12. 


POSITION WANTED—Manager, Superintend- 
ent, Chief Chemist—Twenty-six years chemist, 
Refinery management, Labor Negotiations, Pat- 
ent Litigation, Planning, Surveys, _ Industrial 
Oil Sales. Exceptional success as lubrication en- 
gineer. Prefer management small sales company 
or refinery. Salary reasonable or salary and 
bonus. Box 14. 


ADVERTISERS’ INDEX| 








FOR SALE 
STORAGE TANKS 
8—300,000 gallon capacity. Have avail- 


able storage tanks ranging from 2,000 
gallon to 2,500,000 gallon capacity. 


WE WELCOME ALL INQUIRIES 


EMPIRE TANK & SALVAGE CO. 
1451 Broadway New York 18, N. Y. 
Phone: Lackawanna 4-5760 








20,000,000 POUND 
CAPACITY GREASE 
PLANT DESIRES 
ADDITIONAL TONNAGE 
HAVE AMPLE RAW 
MATERIALS AND PACKAGES 
ADDRESS INQUIRY 
P.P. BOX 11 





Professional Services 








ACCURATE LABORATORY TESTS 
GASOLINE OIL 
Standard Methods Employed 
Octane Ratings by A.S.T.M. CFR Unit 
THE DETROIT TESTING 
LABORATORY 
554 Bagley Avenue, Detroit 26, Mich. 








This index is published as a convenience to the 
reader. Every care is taken to make it accurate 
but Petroleum Processing assumes no respon- 
sibilitu for errors or omissions. 
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EDITORIAL 
COMMENTS 


WIDENING 
HORIZONS 


Scientific Research and Development 
Is Multi-Billion Dollar Business 





NDUSTRY in this country this year is spending cver a half 

billion dollars in research and development work and the 
government plans to spend at least double that amount in 
scientific research. Together these programs utilize the labor 
of about 400,000 workers, which is nearly one per cent of our 
manpower. Research devoted to hydrocarbons and_ their 
chemistry takes over $50,000,000 a year and employs about 
10,000 people. The oil companies are by far the principal 
contributors in this field of research. 

These impressive figures on the scope of research and de- 
velopment work in this country were presented by Dr. Monroe 
E. Spaght, vice president of Shell Development Co., in a re- 
cent address before the American section of the Society of 
Chethical Industry. Recognizing the indispensable position of 
the hydrocarbon industry today in supplying the needs of our 
people, Dr. Spaght proposes five aims for the research and 
development program in this field: 


1—To develop and maintain a supply of raw material. Next 
to petroleum itself he notes that natural gas reserves nearly 
equal in weight the proved petroleum reserves, Provision of 
the means for converting gas to liquid fuels by the Fischer- 
Tropsch process represents a notable technical achievement, 
and greatly increases the strategic position of a nation with 
large gas reserves. 

Looking far ahead to the time when coal may be called upon 
to supply the need for hydrocarbons, Dr. Spaght believes the 
cheapest way to produce liquid hydrocarbons from this mate- 
rial will be via a water gas reaction and subsequent synthesis 
by the Fischer-Tropsch reaction. 

2—To improve existing processes. Wide possibilities for 
technical inyprovements exist here, it is pointed out, because 
of the chemical complexity of the mixtures with which the in- 
dustry normally works and the fact that many of its processes 
produce more than a specific desired reaction, including a 
multiplicity of decomposition reactions at the high tempera- 
tures employed. 

3—To improve and find new uses for existing products. The 
adaptation of existing products to ever changing requirements 
is a major and continuing problem in a nation geared to a high 
industrial tempo where new and more stringent demands are 
being made upon the suppliers of fuels and lubricants. Find- 
ing peacetime uses for some of the new hydrocarbon com- 
pounds developed during the war is an important field to ex- 
plore, he points out. 

4—To develop new processes. Improvement of separation 
techniques will be of great advantage to the hydrocarbon in- 
dustry, Dr. Spaght brings out, where the separation of pure 
compounds and classes of compounds from mixtures is the 
most common task in processing operations. “Despite the 
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great amount of attention that has been given this subject we 
still have the ability of effecting only the simplest separa 


tions” he states. When we pass beyond the range of about § 
carbon atoms the only practical method of obtaining a pure 
compound is by a synthesis from lower molecular weight ele- 
ments. 

Continuing, he points out that “A process to transform 
polynuclear aromatics into low boiling liquids without resort- 
ing to such a severe and costly decomposition as high pressure 
hydrogenation would solve the refiners’ greatest need.” 


5—To Develop New Products. One prominent oil company 
tcday markets over 1000 products. Nevertheless the oppor- 
tunities for new products from hydrocarbons are still almost 
unlimited, it is stated. It is certain that new compounds use- 
ful to the chemical industry will appear in increasing num- 
bers from the hydrocarbon industry and it can also be ex- 
pected that future demands for new types of fuels will present 
demands to the industry for new volume products. 


Dr. Spaght’s comments emphasize the importance of scien- 
tific research in the petroleum industry. They should be 
illuminating and inspiring both to the men actively engaged 
in this work and to the executives of the oil companies which 
invest the capital to carry it on. Truly no company activity 
today is more important than that of its research and develop- 
ment division. 


Chemical Industry Looks to Petroleum 
For Many Plastics Raw Materials 


C HEMICAL manufacturers, especially those producing 
plastics, disinfectants and detergents, are turning to the 
oil industry to supply petrochemicals as raw materials to sup- 
plement and perhaps even supplant existing sources. 
pertinent figures come from a chemical manufacturer. 


Right now there is a need for between 15 and 20,000,000 
gal. of benzene. A part of the current shortage is directly 
attributable to the coal strike last fall, since most of the sup- 
ply comes from coke ovens. The balance is due to the ex- 
panding market for this material as a component of styrene. 
Styrene is in strong demand for synthetic rubber and as poly- 
styrene plastic. By 1950, if present estimates hold good for 
anticipated needs, 50,000,000 gal. in excess of foreseeable 
benzene supply will be required. 

The chemical companies do not care whether their benzene 
comes from coal or oil; they require that it be of reasonably 
high purity, at least 90% and preferably higher, and with 
reasonable assurance of steady supply. 

Naphthalene and cresylic acids likewise will continue in 
strong demand. The present gap between supply and market 
is estimated at 25,000,000 Ibs. annually for each of these 
chemicals. Naphthalene first is converted to phthalic an- 
hydride, whence it becomes an important component of 
plastics. Cresylic acid, too, is used largely in the manufac- 
ture of plastics (about 70% of production) and the balance in 
disinfectants. 

The volume figures given above, it is true, are mere drops 
in the bucket when compared with those for most oil com- 
pany products. However, they are impressive in the rates of 
increase shown, and in the words of the research director of 
a large chemical company, “all these needed chemicals could 
come from petroleum”. 


Some 





READERS’ comments and opinions will be wel- 
comed by the editors of PETROLEUM PROCESSING, 
1213 West Third Street, Cleveland 13, Ohio 
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BASIC CHEMICALS 


FOR AMERICAN INDUSTRY 


*Trade Mark, General Chemical Company 


General Chemical Company — America’s pioneer 
with the Contact Process for manufacture of 
high strength sulfuric acid and oleam—makes 
another major contribution to Basic Chemicals 
for American Industry with SULFAN .. . 
Anhydride of Sulfuric Acid. 

By perfecting new methods of stabilizing 
Sulfur Trioxide, General Chemical Research 
takes an invaluable chemical tool off the shelf 
of laboratory curiosities and brings it to the 
Process Industries as a chemical of commerce 
for use in a host of ways. 


General Chemical offers SULFAN in three 
chemically equivalent forms: 
Sulfan ‘A’ Partially Stabilized, melting at 
approx. 35°C; 
Sulfan ‘B’ Completely Stabilized, melting at 
approx. 17°C; and 
Sulfan ‘C’ Unstabilized. 


Experimental samples and further technical 
information are available on request from 
General Chemical Company, Research and 
Development Division, 40 Rector Street, New 
York 6, N. Y. 


Some Potential Uses 
1. For fortification of spent oleum, making 
possible a ready supply of any strength oleum. 
2. In benzenoid sulfonations for elimination 
of mixed sulfonates: meta- only or ortho- and 
para- derivatives only are formed. 
3. For di- and poly-sulfonations of aryl com- 
pounds. 
4. For direct sulfonation of aliphatics. 
5. For sulfonations in the presence of a sol- 
vent, thus eliminating the removal of H.,SO, 
necessary when oleum is the agent. 
6. For formation of addition compounds with 
amines, valuable in organic synthesis. 











PROPERTY GAMMA-FORM 
Description Ice-Like 
Equilibrium 
| Melting Point (°C) : 16.8 
Density (20°C) 1.9255 
| Sp. Ht. (cals/gm) (20°C) 0.77 
} Ht. of Fusion (cals/mol) 1,800 
Ht. of Sublimation (cals/mol) 11,900 
Ht. of Dilution (cals/mol) 40,340 
Vapor Pressure (mm.) 
o°c 45 
25 433 
50 950 
75 3,000 


Sulfuric Anhydride exists in three chemically equivalent physical modifications as 
indicated by data below. General Chemical’s stabilized product is almost entirely 
Gamma-Form and its partially stabilized product is largely Beta-Form. 


BETA-FORM ALPHA-FORM 
Asbestos-Like Asbestos-Like 
32.5 62.3 
2,900 6,200 
13,000 16,300 
32 58 
344 73 
950 650 
3,000 3,000 





| 
i 
4 





GENERAL CHEMICAL COMPANY 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Sales and Technical Service Offices in principal cities from coast te coast 
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